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ABSTRACT
The mass accretion rate, M˙acc, is a key quantity for the understanding of the physical processes governing the evolution of accretion
discs around young low-mass (M?.2.0M) stars and substellar objects (YSOs). We present here the results of a study of the stellar
and accretion properties of the (almost) complete sample of class II and transitional YSOs in the Lupus I, II, III and IV clouds,
based on spectroscopic data acquired with the VLT/X-Shooter spectrograph. Our study combines the dataset from our previous work
with new observations of 55 additional objects. We have investigated 92 YSO candidates in total, 11 of which have been definitely
identified with giant stars unrelated to Lupus. The stellar and accretion properties of the 81 bona fide YSOs, which represent more
than 90% of the whole class II and transition disc YSO population in the aforementioned Lupus clouds, have been homogeneously
and self-consistently derived, allowing for an unbiased study of accretion and its relationship with stellar parameters.
The accretion luminosity, Lacc, increases with the stellar luminosity, L?, with an overall slope of ∼1.6, similar but with a smaller
scatter than in previous studies. There is a significant lack of strong accretors below L?≈0.1L, where Lacc is always lower than
0.01 L?. We argue that the Lacc-L? slope is not due to observational biases, but is a true property of the Lupus YSOs. The logM˙acc–
logM? correlation shows a statistically significant evidence of a break, with a steeper relation for M?.0.2 M and a flatter slope for
higher masses. The bimodality of the M˙acc–M? relation is confirmed with four different evolutionary models used to derive the stellar
mass. The bimodal behaviour of the observed relationship supports the importance of modelling self-gravity in the early evolution of
the more massive discs, but other processes, such as photo-evaporation and planet formation during the YSO’s lifetime, may also lead
to disc dispersal on different timescales depending on the stellar mass.
The sample studied here more than doubles the number of YSOs with homogeneously and simultaneously determined Lacc and
luminosity, Lline, of many permitted emission lines. Hence, we also refined the empirical relationships between Lacc and Lline on a
more solid statistical basis.
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1. Introduction
The mass accretion rate, M˙acc, is a crucial parameter for the
study of the evolution of accretion discs around young low-mass
(M?.2.0M) stellar and substellar objects (YSOs). It sets im-
portant constraints for disc evolution models (Hartmann et al.
Send offprint requests to: J.M. Alcala´
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Observatory at Paranal, under programs 084.C-0269(A), 085.C-
0238(A), 086.C-0173(A), 087.C-0244(A), 089.C-0143(A), 095.C-
0134(A), 097.C-0349(A), and archive data of programmes 085.C-
0764(A) and 093.C-0506(A).
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1998) and disc clearing mechanisms (Alexander et al. 2014,
and references therein), and is a key quantity for the studies
of pre-main sequence (PMS) stellar evolution and planet for-
mation. Observationally, M˙acc can be derived by measuring the
flux in excess to the photospheric one due to the release of
the accretion energy in the form of continuum emission and
lines (accretion luminosity Lacc) and using the stellar proper-
ties (see Gullbring et al. 1998; Hartmann 1998). Continuum ex-
cess luminosity has been measured in a number of objects from
spectroscopy at different resolutions (e.g. Gullbring et al. 1998;
Herczeg & Hillenbrand 2008; Rigliaco et al. 2012; Ingleby et
al. 2013; Alcala´ et al. 2014; Ingleby et al. 2014; Manara et al.
2014, 2016a). More often, Lacc has been computed from empir-
ical relations between line luminosity, Lline, and Lacc (e.g. Natta
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et al. 2006; Fang et al. 2013; Biazzo et al. 2012; Antoniucci et al.
2014; Manara et al. 2015, and reference therein). The results of
these works showed that M˙acc shows up to three orders of mag-
nitude of unexplained spread for stars of similar mass and age
and over the mass spectrum.
During the class II phase - after the protostar has almost
entirely dispersed its envelope but is still actively accreting
from the optically thick accretion disc - the stellar mass under-
goes negligible changes. Therefore, the M˙acc vs. M? relation
represents a diagnostic tool for the evolution of M˙acc (Clarke
& Pringle 2006) and for the process driving disc evolution
(Ercolano et al. 2014). The distribution of class II YSOs in the
M˙acc–M? plane has been obtained for a number of different star-
forming regions (SFRs); in all regions studied so far (e.g. ρ-
Oph, Taurus, σ-Ori, ONC, Tr37, NGC2264) it has been found
that, while there is a positive correlation of M˙acc with the stellar
mass, M˙acc has a very large scatter, sometimes more than 3 dex
for objects with the same M? (Muzerolle et al. 2005; Natta et al.
2006; Biazzo et al. 2012; Antoniucci et al. 2014, and references
therein).
Theoretically, both the steep dependence of M˙acc on M? and
the large scatter of M˙acc values are a somewhat surprising find-
ing, in that it appears to indicate that the accretion processes
scale not just with M? (Natta et al. 2006). Effects such as vari-
ability, or the natural decline of M˙acc with age in viscous disc
evolution have been ruled out as possible source of the large
spread within individual SFRs (Natta et al. 2006; Costigan et
al. 2014; Venuti et al. 2014). It appears more likely to be related
to a spread in the properties of the parental cores, their angular
momentum in particular (e.g. Dullemond et al. 2006, and refer-
ences therein), and the disc mass. The scatter of M˙acc may be
also related to a spread of stellar properties, such as X-ray and
EUV emission (Clarke & Pringle 2006; Ercolano et al. 2014),
or on the competition between different accretion mechanisms,
such as viscosity and gravitational instabilities at different stellar
masses (Vorobyov & Basu 2008, 2009; DeSouza & Basu 2016).
These latter authors suggested that two different exponents for
the power-law relation M˙acc ∝ M?α, at different mass regimes,
can better describe the data than a single power-law. On the other
hand, Stamatellos & Herczeg (2015) claim that very low-mass
brown dwarfs and planetary-mass objects may follow a different
M˙acc-Mobject scaling relationship than stars, with their accretion
rate being almost independent of the central object mass.
A third quantity, namely the disc mass, is likely to play an
important role, as it is predicted that both M? and M˙acc should
scale with the disc mass Mdisc in viscously evolving discs
(Hartmann et al. 1998). However, the efforts to observationally
confirm such scaling relations have failed in the past mainly be-
cause of the limited sensitivity of the interferometers used for
measuring the bulk of dust and gas mass of protoplanetary discs,
and because different methodologies to measure the stellar and
accretion properties produce a large scatter in the relationships.
A robust Mdisc–M? correlation for Taurus class II YSOs has been
confirmed by Andrews et al. (2013), and we are now in a position
that allows us to study the relationship between these three fun-
damental quantities in a statistically meaningful way for a num-
ber of star-forming regions. On one hand, VLT/X-Shooter is de-
livering homogeneous and precise determinations of both accre-
tion and stellar properties (e.g. Rigliaco et al. 2012; Manara et al.
2013a; Alcala´ et al. 2014; Manara et al. 2014, 2015, 2016a). On
the other hand, the Atacama Large Millimeter Array (ALMA)
now provides sufficient sensitivity and resolution at sub-mm
wavelengths to detect and measure the mass of protoplanetary
discs around YSOs with a mass down to 0.1 M(Ansdell et al.
2016; Pascucci et al. 2016; Barenfeld et al. 2016).
In a previous work (Alcala´ et al. 2014, henceforth A14) we
studied the stellar and accretion properties of 36 accreting YSOs
mainly in the Lupus I and III clouds, spanning a range in mass
from ∼0.03 to ∼1.2 M, but mostly with 0.1 M < M? < 0.5 M.
The analysis was based on spectroscopic data acquired with
the VLT/X-Shooter spectrograph. We used the continuum UV-
excess emission as a measure of the accretion luminosity, Lacc,
hence of M˙acc, and provided improved relationships between
Lacc and the luminosity, Lline, for a large number of emission
lines. In A14 we found that the logM˙acc–logM? correlation has
a slope 1.8±0.2, but a more important result was that the rela-
tionship has a much smaller dispersion (∼0.4 dex) with respect
to previous studies. Although the level of accretion was not a
criterion for the target selection, the YSOs analysed by A14 rep-
resent a sub-sample of the total class II population in Lupus.
Therefore, in order to confirm or disprove the result avoiding
any type of bias, it was necessary to expand our analysis to a
sample as complete as possible, by including as many class II
sources as possible and using the same methodologies as in A14
with X-Shooter to derive the stellar and accretion properties.
In this paper we present a synthesis of the accretion proper-
ties of an almost complete sample of class II YSOs in Lupus. Our
study combines our previous sample in A14 with new X-Shooter
observations of 55 additional objects classified as class II and
transition disc YSOs based mainly on the analysis of their spec-
tral energy distribution (SED) (e.g. Merı´n et al. 2008; Evans et
al. 2009, and references therein) and/or the presence of strong
emission lines in spectra with limited resolution and wavelength
coverage (Comero´n 2008). The stellar and accretion properties
of the combined sample have been homogeneously and self-
consistently derived here, allowing an unbiased study of accre-
tion and its relationship with the stellar parameters. The results
on the stellar parameters and M˙acc presented here were combined
with those of the ALMA survey of Lupus protoplanetary discs
to study the Mdisc–M? and Mdisc–M˙acc relationships in the papers
by Ansdell et al. (2016) and Manara et al. (2016b), respectively.
The new sample, the observations, and data processing are
presented in Section 2. In Section 3 the newly observed sam-
ple is characterised in terms of its stellar and accretion proper-
ties and the results are compared with those in A14. The total
sample is characterised in Section 4 in terms of stellar masses
and mass accretion rates, while the accretion properties are ex-
amined in relation with the stellar parameters in Section 5. The
results are then discussed in Section 6. Our main conclusions
are summarised in Section 7. The relationships between Lacc and
Lline presented in A14 are revisited in Appendix B using the
total sample.
2. Sample, observations, and data reduction
All the data used in this paper were acquired with the X-Shooter
spectrograph (Vernet et al. 2011) at the VLT. The capabilities of
X-Shooter in terms of wide spectral coverage (310-2500 nm),
resolution and limiting magnitudes allow us to assess simultane-
ously the mass accretion and outflow, and disc diagnostics, from
the UV and optical to the near IR.
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2.1. Sample
The complete class II sample in the Lupus I, II, III and IV clouds,
as selected from the Spitzer c2d survey (Merı´n et al. 2008) and
from the previous literature (e.g. Hughes et al. 1994; Comero´n
2008), contains ∼101 objects. Several of these were only candi-
date YSOs.
The sample studied in this paper consists mainly of two sets
of low-mass class II YSOs in the aforementioned Lupus clouds.
The first one comprises the 36 objects published in A14, ob-
served within the context of the X-Shooter INAF/GTO (Alcala´
et al. 2011) project; for simplicity we will refer to it as the ‘GTO
sample’ throughout the paper. One additional source namely
Sz105, was investigated with X-Shooter during the GTO, but
rejected as a legitimate YSO (see below). The second sample
consists of 49 objects observed during ESO periods 95 and
97 (1 April - 30 September 2015 and 1 April - 30 September
2016, respectively). In addition, we include here six objects ob-
served with X-Shooter in other programmes taken from the ESO
archive. In total, 55 objects were newly analysed here and we
will refer to them as the ‘new sample’. The main goal of these
new observations was to expand our previous analysis in A14
to a more complete sample. Among the 101 YSO candidates,
there are seven young brown dwarf candidates by Nakajima et al.
(2000) which were not observed by us because they are too faint
(J >17mag) for X-Shooter. We also stress that sources with flat
SEDs are not considered in our study (however see Appendix C),
and that we do not include objects of the Lupus V and VI clouds.
In total, we have investigated 92 Lupus YSO candidates with
X-Shooter. The 92 spectroscopically studied stars comprise the
36 YSOs and Sz105 investigated in A14 and the 55 objects
studied here. As will be shown in Section 3.1, 11 of the 92
are confirmed to be giants unrelated to the Lupus star form-
ing region. Therefore, the total sample of this paper, reported
in Table A.2, includes 81 legitimate YSOs. An additional YSO
candidate (SSTc2d J155945.3-415457), not included in our X-
Shooter observations, was confirmed to be an asymptotic giant
branch (AGB) star in a previous work (Mortier et al. 2011).
Thus, assuming that the seven Nakajima et al. (2000) brown
dwarf candidates are also legitimate YSOs, the total sample of
bona-fide class II YSOs in the Lupus I, II, III and IV clouds
would comprise 89 (= 101−12) objects. Therefore, our 81 YSOs
(36 of A14 plus 45 of this paper) represent more than 90% of
the total. We note that 12 out of the 81 YSOs have been identi-
fied with transitional discs based on mid and far IR (Merı´n et al.
2008; Romero et al. 2012; Bustamante et al. 2015) and/or sub-
millimeter observations (Tsukagoshi et al. 2014; Ansdell et al.
2016; van der Marel et al. 2016). The study of transitional discs
is important for the understanding of disc evolution in general
and of the mechanisms regulating the disc dispersal in partic-
ular (e.g. Espaillat et al. 2014). High levels of accretion have
been detected in some YSOs with transitional discs in the past
(Espaillat et al. 2014; Alcala´ et al. 2014; Manara et al. 2014, and
references therein). It is thus important to also investigate the ac-
cretion properties of the Lupus YSOs with transitional discs in
comparison with those with full discs. Finally, we adopted a dis-
tance of 150 pc for objects in the Lupus I, II and IV clouds, and
200 pc for those in the Lup III cloud (see Comero´n 2008, for a
discussion on the distance of the Lupus clouds).
2.2. Observations
As in the GTO, most of the targets in the new sample were ob-
served using the 1.′′0/0.′′9/0.′′9 slits in the UVB/VIS/NIR arms,
respectively, yielding resolving powers of 5100/8800/5600.
Only Sz102 was observed through the 0.′′5/0.′′4/0.′′4 slits in the
UVB/VIS/NIR arms, respectively, yielding resolving powers of
9100/17400/10500 In Frasca et al. (2016) we have measured the
resolution using several exposures of the ThAr calibration lamp
and found that it remained basically unchanged in the period
between 2011 to 2015. The high resolution mode for the later
target was chosen in order to be able to study the outflows by
measuring the gas kinematics more accurately (Whelan et al., in
prep.) Table 1 presents the observing log for the new targets. In
order to achieve the best possible accuracy in flux calibration and
account for slit losses, short exposures (of ∼10% the science ex-
posures) were performed using the wide slit of 5.′′0 right before
the science observations. These were part of the same observing
block for each target, minimising overheads and allowing accu-
rate spectrophotometry of the targets.
Most of the targets were observed in one cycle using the A-
B nodding mode, while five (AKC2006-18, 2MASS J16081497-
3857145, Lup 607, 2MASS J16085373-3914367, and Sz 108B)
were observed in two cycles using the A-B-B-A nodding mode.
All the 5.′′0-slit observations were performed in stare mode. For
one target (2MASS J16085373-3914367) there was no detection
in the UVB arm.
During the observations, the star Sz 81 showed up in the ac-
quisition image as a visual binary with a separation of 1.′′9 and
PA= 20◦. Except for Sz 102 and the visual binary Sz 81, all tar-
gets were observed at parallactic angle in order to minimise the
atmospheric dispersion. Sz102 was observed both with the slit
along the known outflow (PA= 95◦, Comero´n & Ferna´ndez
2011) and perpendicular to it (PA= 5◦), while the components
of the visual binary Sz 81 were observed both by aligning the
slit at PA= 20◦.
The data gathered from the ESO archive were acquired using
the 0.′′5/0.′′4/0.′′4 slits in the UVB/VIS/NIR arms, respectively,
and adopting the same AB nodding strategy as explained above,
but with different number of cycles as indicated in Table 1. These
data were not taken using the wide slit prior to the narrow slit
observations. Thus, their flux calibration is more uncertain.
Several telluric standard stars were observed with the
same instrumental set-up and at similar airmass as the targets.
Typically, two flux standards per night were observed through a
5 arcsec slit to calibrate the flux.
2.3. Data reduction
The data processing was done using the same methods as for
the GTO sample described in A14. Here we summarise the pro-
cedures. The basic processing of bias- or dark subtraction, flat-
fielding, optimal extraction, wavelength calibration, and sky sub-
traction, and correction for instrumental response was performed
using the X-Shooter pipeline v.2.3.0 (Modigliani et al. 2010).
The nodding mode of the pipeline was used for the reduction of
the nodding observations, while the wide-slit observations were
reduced using the stare mode. Post-pipeline processing was done
using IRAF1. The telluric correction was performed indepen-
dently in the VIS and NIR spectra, as explained in Appendix A
of A14. The X-Shooter scale of ∼0.16 arcsec/pix along the slit
direction allowed us to resolve the components of the binary
Sz81, which in turn enabled us to extract the spectra of the in-
1 IRAF is distributed by the National Optical Astronomy
Observatory, which is operated by the Association of the Universities
for Research in Astronomy, inc. (AURA) under cooperative agreement
with the National Science Foundation
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dividual components without any light contamination. The flux-
calibrated spectra observed with the wide slit were used to cor-
rect the spectra acquired with the narrow slits for slit losses. The
correction factors, which depend mainly on seeing variations,
are in the ranges 1–2.9, 1–3.2 and 1–2.7 for the UVB, VIS and
NIR arms respectively. Since all the targets were observed at low
airmass, no wavelength dependence was found in these correc-
tion factors.
Finally, photometric data from the literature were used to
compare the spectroscopic fluxes with the photometric ones.
The spectra follow the corresponding SED shape very well, with
most of them matching the photometric fluxes at the 10% level.
In a few objects (SSTc2dJ154508.9-341734, MY Lup, Sz131,
Sz133 and Sz98) we found that the flux ratio may be up to a
factor 2, meaning 0.3 dex in log scale, which is well within the
expected range of variability for class II YSOs (see Venuti et al.
2014, and references therein).
In order to estimate the flux losses of the archive data, ob-
served with the narrow slits, we compared the flux of the spectra
with NIR photometric fluxes from 2MASS, where the variabil-
ity effects are minimised. The correction factors are consistent
with those based on the spectrophotometry. However, since pho-
tometry is not symultaneous with the X-Shooter observations,
the spectroscopic flux may be uncertain by a factor of about
two. In addition, EX Lup is the well known prototype of EXors
(Comero´n 2008; Sipos et al. 2009; Lorenzetti et al. 2012; Sicilia-
Aguilar et al. 2015) hence, large variations may be expected.
However, we find good agreement between the flux of the spec-
trum after correction for slit losses and the photometric flux
in the V-band, gathered from the AAVSO database and quasi-
simultaneous to the X-Shooter observation (see Appendix D).
3. Results
3.1. Non-members
Nine objects of the new sample (see Table 1), without appropri-
ate spectroscopy in the past but previously classified as class II
YSOs, lack the Li i λ670.8 nm absorption line and show narrow
photospheric lines, with their spectrum resembling more that of a
giant than of a PMS star. A detailed analysis of the radial veloc-
ity, combined with determinations of the surface gravity based
on our X-Shooter spectra (Frasca et al. 2016), demonstrated that
these objects are indeed background giants. Likewise, one addi-
tional object (SSTc2dJ161045.4-385455) for which the Li i line
has been detected, was found to be a background Li-rich giant
based on discrepant surface gravity and radial velocity with re-
spect to the Lupus YSOs. Another object namely Sz105, previ-
ously classified as class II YSO candidate based on the Spitzer
survey, has been rejected as YSO in A14 and confirmed to be a
background giant in Frasca et al. (2016).
Thus, including SSTc2d J155945.3-415457 classified as an
AGB star by Mortier et al. (2011) and not observed by us, there
are 12 objects previously classified as class II YSO candidates,
which are unrelated to Lupus. It is also worth mentioning that
10 of these were included in the 95% complete ALMA sur-
vey of Lupus protoplanetary discs by Ansdell et al. (2016) and
none were detected. That survey detected ∼70% of the observed
objects in 890 µm continuum emission. This highlights the im-
portance of combining ALMA discs surveys with detailed op-
tical/IR classification of the host star (see also Pascucci et al.
2016, and Manara et al. 2017).
The new sample then consists of the 45 legitimate YSOs
listed in Table 1. The objects rejected by us as class II YSOs
are listed in the bottom of this table and their properties will be
discussed in detail in the parallel paper by Frasca et al. (2016).
The physical parameters and accretion properties of the 45 con-
firmed YSOs are derived next and compared with those of the
GTO sample. The complete list of 81 confirmed class II and tran-
sitional YSOs of this work is reported in Table A.2.
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Table 1. Observing log for the new sample.
Object/other name RA(2000) DEC(2000) Obs. Date MJD Texp (sec) Lupus Notes
h :m :s ◦ ’ ” YY-MM-DD (+2400000) UVB VIS NIR cloud
Sz65 15:39:27.78 −34:46:17.4 2015-06-04 57177.017838 2x150 2x100 2x150 I
AKC2006-18 15:41:40.82 −33:45:19.0 2015-04-20 57132.269751 4x900 4x850 4x960 I
SSTc2dJ154508.9-341734 15:45:08.88 −34:17:33.7 2015-06-15 57188.149771 2x900 2x850 2x960 I
Sz68 15:45:12.87 −34:17:30.8 2015-05-18 57160.210844 2x100 2x60 2x50 I
SSTc2dJ154518.5-342125 15:45:18.53 −34:21:24.8 2015-06-25 57198.978850 2x900 2x850 2x960 I
Sz81A (SW) 15:55:50.21 −38:01:34.0 2015-08-19 57253.072870 2x300 2x250 2x300 II
Sz81B (NE) 15:55:50.26 −38:01:32.2 2015-08-19 57253.072870 2x300 2x250 2x300 II
Sz129 15:59:16.48 −41:57:10.3 2015-06-26 57199.059343 2x100 2x50 2x100 IV
SSTc2dJ155925.2-423507 15:59:25.24 −42:35:07.1 2015-06-27 57200.014418 2x900 2x850 2x960 IV
RY Lup 15:59:28.39 −40:21:51.3 2015-07-02 57205.275027 2x100 2x50 2x100 IV
SSTc2dJ160000.6-422158 16:00:00.62 −42:21:57.5 2015-04-03 57115.345055 2x450 2x400 2x480 IV
SSTc2dJ160002.4-422216 16:00:02.37 −42:22:15.5 2015-07-01 57204.165952 2x450 2x400 2x960 IV
SSTc2dJ160026.1-415356 16:00:26.13 −41:53:55.6 2015-06-28 57201.007970 2x900 2x850 2x960 IV
MY Lup 16:00:44.53 −41:55:31.2 2015-06-26 57199.070898 2x150 2x100 2x150 IV
Sz131 16:00:49.42 −41:30:04.1 2015-07-01 57204.221691 2x450 2x400 2x960 IV
Sz133 16:03:29.41 −41:40:02.7 2015-07-02 57205.191567 2x900 2x850 2x960 IV
SSTc2dJ160703.9-391112 16:07:03.84 −39:11:11.3 2016-06-02 57542.198741 4x960 4x910 4x480 III
Sz90 16:07:10.08 −39:11:03.5 2015-07-12 57215.095862 2x360 2x310 2x360 III
Sz95 16:07:52.32 −38:58:06.3 2015-07-12 57215.118419 2x360 2x310 2x360 III
Sz96 16:08:12.62 −39:08:33.5 2015-07-03 57206.270061 2x360 2x310 2x360 III
2MASSJ16081497-3857145 16:08:14.96 −38:57:14.5 2015-04-20 57132.335763 4x900 4x850 4x960 III
Sz98 16:08:22.50 −39:04:46.0 2015-07-02 57205.132662 2x150 2x100 2x150 III
Lup607 16:08:28.10 −39:13:10.0 2015-05-23 57165.214447 4x900 4x850 4x960 III
Sz102 16:08:29.73 −39:03:11.0 2015-04-17 57129.298225 2x1200 2x1260 2x1200 III
SSTc2dJ160830.7-382827 16:08:30.70 −38:28:26.8 2015-07-02 57205.155128 2x150 2x100 2x150 III
SSTc2dJ160836.2-392302/V1094 Sco 16:08:36.18 −39:23:02.5 2016-05-13 57522.227447 4x300 4x250 4x100 III
Sz108B 16:08:42.87 −39:06:14.7 2015-06-18 57191.161119 4x900 4x850 4x960 III
2MASSJ16085324-3914401 16:08:53.23 −39:14:40.3 2015-07-12 57215.136035 2x450 2x400 2x480 III
2MASSJ16085373-3914367 16:08:53.73 −39:14:36.7 2015-05-23 57165.287007 4x900 4x850 4x960 III 1
2MASSJ16085529-3848481 16:08:55.29 −38:48:48.1 2015-07-12 57215.156936 2x900 2x850 2x960 III
SSTc2dJ160927.0-383628 16:09:26.98 −38:36:27.6 2015-07-13 57216.022778 2x900 2x850 2x960 III
Sz117 16:09:44.34 −39:13:30.3 2015-07-13 57216.068820 2x360 2x310 2x360 III
Sz118 16:09:48.64 −39:11:16.9 2015-07-13 57216.097061 2x450 2x400 2x480 III
2MASSJ16100133-3906449 16:10:01.32 −39:06:44.9 2015-07-13 57216.122794 2x900 2x850 2x960 III
SSTc2dJ161018.6-383613 16:10:18.56 −38:36:13.0 2015-08-18 57252.041176 2x900 2x850 2x960 III
SSTc2dJ161019.8-383607 16:10:19.84 −38:36:06.8 2015-08-08 57242.086534 2x900 2x850 2x960 III
SSTc2dJ161029.6-392215 16:10:29.57 −39:22:14.7 2015-08-13 57247.090628 2x900 2x850 2x960 III
SSTc2dJ161243.8-381503 16:12:43.75 −38:15:03.3 2015-07-10 57213.174667 2x300 2x250 2x300 III
SSTc2dJ161344.1-373646 16:13:44.11 −37:36:46.4 2015-06-26 57199.974706 2x900 2x850 2x960 III
Targets from ESO archive:
Sz75/GQ Lup 15:49:12.10 −35:39:05.1 2010-05-05 55321.270673 2x400 4x160 6x240 I 2
Sz76 15:49:30.74 −35:49:51.4 2014-04-28 56775.245961 2x478 2x280 2x26 I 3
Sz77 15:51:46.95 −35:56:44.1 2010-05-05 55321.376758 2x400 4x320 6x240 I 2
RXJ1556.1-3655 15:56:02.09 −36:55:28.3 2014-04-28 56775.268274 2x478 2x280 2x26 II 3
Sz82/IM Lup 15:56:09.18 −37:56:06.1 2010-05-04 55320.065259 2x300 2x120 2x200 II 2
EX Lup 16:03:05.49 −40:18:25.4 2010-05-04 55320.165145 3x300 4x120 6x200 III 2
Objects rejected as
Lupus members:
Sz78 15:53:41.18 −39:00:37.1 2015-06-26 57199.033491 2x100 2x50 2x100
Sz79 15:53:42.68 −38:08:10.4 2015-06-26 57199.046851 2x150 2x100 2x150
IRAS15567-4141 16:00:07.42 −41:49:48.4 2015-07-02 57205.171310 2x200 2x150 2x200
SSTc2dJ160034.4-422540 16:00:34.40 −42:25:38.6 2015-07-01 57204.204770 2x200 2x150 2x200
SSTc2dJ160708.6-394723 16:07:08.63 −39:47:21.9 2015-07-03 57206.237144 2x450 2x400 2x480
2MASSJ16080618-3912225 16:08:06.18 −39:12:22.5 2015-06-04 57177.037999 2x600 2x550 2x600
Sz105 16:08:36.89 −40:16:20.6 2012-04-18 56035.154479 2x150 2x100 2x100 4
SSTc2dJ161045.4-385455 16:10:45.37 −38:54:54.8 2016-06-05 57545.005854 4x960 2x910 2x480
SSTc2dJ161148.7-381758 16:11:48.66 −38:17:58.1 2015-04-04 57116.325599 2x900 2x850 2x960
SSTc2dJ161211.2-383220 16:12:11.20 −38:32:19.7 2016-05-11 57520.199021 2x960 2x910 2x480
SSTc2dJ161222.7-371328 16:12:22.69 −37:13:27.7 2015-06-04 57177.038060 2x300 2x250 2x300
Notes. 1: no detection in the UVB arm; 2: from programme 085.C-0764(A) (PI: Guenther); 3: from programme 093.C-0506(A) (PI: Caceres);
4: from GTO sample analysed in A14;
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3.2. Accretion luminosity
The continuum excess emission in YSOs is most easily de-
tected as Balmer continuum emission (see Valenti et al. 1993;
Gullbring et al. 1998; Herczeg & Hillenbrand 2008; Rigliaco
et al. 2012; Manara et al. 2016a, A14 and references therein). In
A14, Balmer continuum emission was evident in all the YSOs of
the GTO sample. In the new sample the results are the following:
one object (2MASSJ16085373-3914367) lacks information in
the UVB (see Section 2.2). Balmer continuum emission is seen
in 38 objects. All of them, but the K2-type star Sz102, are later
than K4. Other 3 M-type objects (Lup607, SSTc2dJ154508.9-
341734, 2MASSJ16085324-3914401) have noisy UVB spec-
tra. In three objects (MY Lup, Sz68, and SSTc2dJ160830.7-
382827), all earlier than K3, the Balmer continuum emission is
not evident from the spectra. This is because the Balmer con-
tinuum emission is more easily seen in the spectra of late-type
(> K5) YSOs than in the early types due to the higher contrast
between photospheric emission and continuum emission.
To derive the accretion luminosity, Lacc, of the new sample
we have followed the methods described by A14, but using the
procedures of Manara et al. (2013b). Briefly, the spectrum of
each class II YSO was fitted as the sum of the photospheric
spectrum of a class III template and the emission of a slab of
hydrogen; the accretion luminosity is given by the luminosity
emitted by the slab. The stellar and accretion parameters are
self-consistently derived by finding the best fit among a grid of
slab models and using the continuum UV-excess emission and
the broad wavelength range covered by the X-Shooter spectra
(330 nm – 2500 nm) to constrain both the spectral type of the tar-
get and the interstellar extinction toward it. The best fit is found
by minimizing a χ2like distribution. The stellar parameters are re-
ported in Table A.2 and the complete set of plots showing the fits
for the 44 targets detected in the UVB arm are provided in elec-
tronic form in Figures from E.7 to E.11. For consistency with the
literature and homogeneity with our previous work we did not at-
tempt to fit the hydrogen emission lines, but only the continuum
emission. The adopted class III templates and Lacc values corre-
sponding to each YSO are reported in Table A.3 in Appendix A.
For completeness, the Lacc values for the GTO sample are also
included in this table. From our analysis in A14 we estimate that
in general the uncertainty on Lacc in log scale is ∼0.25 dex.
For all the objects we also calculated an average Lacc from
the luminosity of several emission lines (see Section 3.4) and
using the logLacc vs. logLline relationships reported in A14. In
all cases Lacc calculated from the slab modelling is in very good
agreement with the average Lacc calculated from the lines. This
check was particularly useful for some cases where the low-S/N
in the UVB spectrograph arm made the slab modelling difficult.
Based on the slab modelling, UVB excess emission ascrib-
able to accretion is barely evident in five objects (Lup 607,
MY Lup, Sz65, Sz68, and SST c2dJ160830.7-382827). The
analysis of the emission lines in these objects in Section B.1
shows that their excess emission is close to the chromospheric
level. Thus, in the following we consider these objects as weak
accretors, and distinguish them in the plots. We do not expect
that their Lacc and M˙acc values are higher than what we measured.
In principle one could consider them as upper limits, but our re-
sults are not affected if we assume them as such (see Section 5).
Two objects, namely Lup 607 and SSTc2dJ160703.9-
391112, have a rather low accretion luminosity (Lacc≈ 10−5 L).
The former is a weak accretor (c.f. Section B.1), while
the other one is sub-luminous, hence also sub-luminous in
Lacc (see Section 7.4 in A14). Finally, in the case of the tar-
get 2MASS J16085373-3914367, which lacks UVB data (see
Section 2.2), Lacc was calculated from the luminosity of 7 per-
mitted emission lines detected in the VIS and NIR and using the
Lacc – Lline relationships revisited in Appendix B. The width
and intensity of the emission lines in the VIS and NIR, as well
as the computed Lacc and Lacc/L? values confirm that the object
is accreting.
3.3. Spectral type, extinction and luminosity of the new
sample
We focus here on the determination of the parameters which are
necessary for studying the accretion properties, namely spectral
type and extinction, effective temperature, stellar luminosity, and
radius, with the mass determination being deferred to Section 4.
Other properties like radial velocity, surface gravity, as well as
lithium and other elemental abundances for the whole X-Shooter
sample will be analysed in parallel papers by Frasca et al. (2016)
and Biazzo et al. (2016).
In addition to the self-consistent methods described in
Section 3.2, we have also used the methods of our previous study
in A14 to derive spectral type and extinction for the new sam-
ple. For the late type (M0 or later) stars spectral types were cal-
culated using the spectral indices by Riddick et al. (2007) and
the H2O-K2 index from Rojas-Ayala et al. (2012) for the NIR
spectra. For the K-type objects we derived spectral types by di-
rect comparison of class III templates after artificially redden-
ing the templates, until the best match with the class II YSOs
is found. Several class III YSOs, indistinctly quoted here as
class III YSOs or class III templates, were observed through-
out the various Italian-GTO star formation runs, and their prop-
erties were published in separate papers (Manara et al. 2013a;
Stelzer et al. 2013b). A few other class III templates, filling-in
the gaps of spectral type distribution of the previous templates,
were used here and will be published in Manara et al., in prep.
The use of templates to derive spectral types for the M-type ob-
jects provides basically the same results as when using spec-
tral indices (see Frasca et al. 2016). Both the A14 methods and
those described in Section 3.2 provide consistent results within
errors hence, for homogeneity we adopted the results of the self-
consistent methods. The spectral types and extinction values are
reported in Table A.2. The uncertainties in spectral type are ±0.5
sub-class for the M-type objects and ±1 sub-class for the earlier
type stars. The estimated uncertainty in extinction is ≤ 0.5 mag.
The spectral types of the new sample range from K0 to M7,
with an overabundance of M4-M5 objects (see Figure 1 upper
panel). While the GTO sample did not include objects with spec-
tral type earlier than K7, the new sample contains 11 objects
earlier than that. Our spectral types and extinction values are
generally consistent within errors with those in the literature.
As in A14, the effective temperature, Teff , was derived us-
ing the temperature scales given by Kenyon & Hartmann (1995)
for the K-type stars, and by Luhman et al. (2003) for the M-
type YSOs. These Teff values, as well as those in the GTO in
A14, are in very good agreement with those determined using
the ROTFIT code (see Frasca et al. 2016). The stellar luminos-
ity was derived using our flux calibrated X-Shooter spectra in the
same way as described in Manara et al. (2013b), that is, by direct
integration of the spectra and using the synthetic BT-Settl spectra
(Allard et al. 2012), of the same Teff as the objects, to extrapo-
late the X-Shooter spectra to wavelengths shorter than 310 nm
and longer than 2500 nm. The error in YSO luminosity was esti-
mated from the signal-to-noise (S/N) of the spectra and the error
in visual extinction. The details are given in Appendix A. The
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Fig. 1. The distributions of spectral type (upper panel), effective tem-
perature (middle panel) and luminosity (lower panel) of the GTO (red
histograms) and total (blue histograms) samples.
error in extinction dominates the overall uncertainty in all cases,
although for some targets with a low S/N spectrum the contribu-
tion of photon noise to the error becomes important. The stellar
radius was calculated from the effective temperature and stel-
lar luminosity. All the physical stellar parameters are listed in
Table A.2 in Appendix A, which includes the parameters of the
GTO sample for completeness.
In comparison with the GTO sample, the new sample ex-
tends to Teff values as high as 5100 K, but about 70% are cooler
than 4000 K (see Figure 1 middle panel). Likewise, most of the
objects have a luminosity lower than 0.5 L, with 11 exceeding
1 L (see Figure 1 lower panel).
3.4. Emission lines
A large number of permitted and forbidden emission lines dis-
playing a variety of profiles were detected. The analysis of for-
bidden emission lines for the GTO sample has been published
by Natta et al. (2014), and for the total sample in a parallel paper
by Nisini et al. (2016).
The permitted emission lines studied here are the same as
those in Table 4 of A14, except for the He i λ1082.9nm line.
Because its complexity both in terms of line profile and interpre-
tation as accretion or wind diagnostic (see Edwards et al. 2006)
we decided not to include this line here, but defer its analysis
to a future paper. Note also that the line appears blended with
the Si i λ1082.7091nm photospheric line, which is very strong in
late-type stars. The number of detections of each line is given
in column five of Table B.1 in Appendix B. For consistency
with A14, our analysis is restricted to Balmer lines up to H15,
Paschen lines up to Pa 10, and the Brγ line, as well as the helium,
calcium, sodium, and oxygen lines.
The flux at the Earth in permitted lines was computed by di-
rectly integrating the flux-calibrated spectra using the splot pack-
age under IRAF, and following the procedures described in A14,
including estimates of upper limits for non-detections. The ob-
served fluxes, equivalent widths, and their errors are reported
in several tables provided in electronic form only (from Table
E.1 to E.9). The flux errors are those resulting from the uncer-
tainty in continuum placement. The estimated ∼10% uncertainty
of flux calibration (see Section 2.3) should be added in quadra-
ture. The contribution of the photospheric absorption lines of the
Hα, Na i D lines and the Ca ii IR triplet lines (IRT), strongest
in the K and early-to-mid M-type objects, were removed in all
spectra as described by Frasca et al. (2016). The luminosity of
the different emission lines was computed as Lline = 4pid2 · fline,
where d is the YSO distance listed in Table A.2 and fline is the
extinction-corrected flux of the lines.
Together, the GTO and new sample more than double the
number of YSOs in our previous work, and have homoge-
neously and simultaneously determined Lacc and Lline values.
Therefore, it is worth revisiting the Lacc– Lline relationships given
in Section 5 of A14. This is reported in Appendix B.
4. The total sample
The new objects, combined with the GTO targets constitutes our
total sample of 81 YSOs for the study of accretion in this pa-
per. This sample is complete at more than the 90% level (see
Section 2.1) and is presented in Table A.2. In this section we
characterise it by deriving masses, and mass accretion rates in a
homogeneous and self-consistent way.
4.1. Stellar masses
We estimated masses by interpolating PMS evolutionary mod-
els (see Appendix A). In A14 we have used the Baraffe et al.
(1998) tracks, which were suited for deriving the mass of all
the YSOs because they cover well the range in Teff and L? of
the GTO sample. As shown in Section 3.3 the new sample ex-
tends to higher values of Teff and L? than those of the GTO,
i.e. to masses not covered by the Baraffe et al. (1998) tracks.
The Baraffe et al. (1998) models have been updated by Baraffe
et al. (2015), but as the previous models, they are for masses ≤
1.4 M. The Siess et al. (2000) tracks include higher masses, but
their lowest mass is 0.1 M.
The Hertzsprung-Russell diagram for the total sample is
shown in Figure 2 with the PMS evolutionary tracks by Siess
et al. (2000) overplotted. Only three objects of the total sample
have a mass significantly lower than 0.1 M on these tracks. In
Appendix A we decribe how we compared the resulting masses
of the total sample when adopting four different models. The
Baraffe et al. (2015) and the Siess et al. (2000) tracks yield very
similar results in the overlapping mass range. Therefore, for our
analysis of accretion in Section 5 we adopted the Siess et al.
(2000) tracks to derive masses ≥ 0.1 M and those of Baraffe
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et al. (2015) for the three objects with lower values. The de-
rived masses are given in Table A.2 in Appendix A. More de-
tails on the mass determination and its error are provided in that
Appendix, where the D’Antona & Mazzitelli (1997) models are
additionally used.
Fig. 2. Hertzsprung-Russell diagram for the total sample. The GTO and
new samples are represented with the black symbols. The seven sub-
luminous objects described in the text are represented with open circles.
The dashed lines show the isochrones, reported by Siess et al. (2000),
while the continuous lines show the low-mass Pre-Main Sequence evo-
lutionary tracks by the same authors as labelled.
We note that there are seven sub-luminous objects, namely
Par-Lup3-4, Lup706, Sz 123B, Sz 106, Sz 102, Sz 133, and
SSTc2dJ160703.9-391112. The first four were part of the GTO,
while the latter three are from the new sample. Both Sz 102 and
Sz 133 fall below the Zero-Age Main Sequence hence we cannot
estimate their mass. These two objects were previously known
to be sub-luminous, with their disc most likely seen edge-on
(Hughes et al. 1994). Sz 102 (also known as Krautter’s star) is
one of the most famous YSOs in Lupus known to host a strong
outflow (see Krautter 1986; Whelan et al. 2016, for details). The
seven sub-luminous objects are represented with open symbols
in Figure 2 and are flagged in Table A.2. MY Lup, the hottest
object in the sample, appears rather sub-luminous with respect
to YSOs of similar spectral type. Based on ALMA data, its disc
inclination angle has been measured at 73◦ (Ansdell et al. 2016).
Thus, we cannot exclude that the star is at least partially ob-
scured by the disc. As a consequence, the mass of MY Lup may
be underestimated.
The distribution of M? for the total sample, according
to the Siess et al. (2000) tracks, is shown in Figure 3. All
YSOs have masses lower than 2.2 M, with only six having a
mass higher than 1 M, and about 76% have a mass lower than
0.5 M. We note that these numbers do not account for the sub-
luminous YSOs Sz 102 and Sz 133. Apart from the six objects
with a mass higher than 1 M, both the M? distributions of the
GTO and new samples are similar, peaking at ∼0.2 M. With
a mass of 0.02 M, that is, close to the planetary mass regime,
2MASS J16085953-3856275 is the lowest mass object in the to-
tal sample.
The distribution of the Lupus stars on the HR diagram sug-
gests an age of ∼3 Myr. We note that stars with M?≈0.1M have
a very large dispersion in L?, with about 1/2 apparently older
Fig. 3. Histograms of M?. The GTO sample is shown with the red his-
togram, while the total sample is shown with the blue one.
than 10 Myr. This effect is seen in many star forming regions,
and has been interpreted by Herczeg & Hillenbrand (2015) as
an indication that the theoretical isochrones for the lowest mass
stars are in reality much steeper than what the current models
predict.
4.2. Mass accretion rate of the total sample
The accretion luminosities of the total sample given in Table A.3
(see Appendix A) were converted into mass accretion rates,
M˙acc, using the relation
M˙acc = (1 − R?Rin )
−1 LaccR?
GM?
≈ 1.25 LaccR?
GM?
, (1)
where R? and Rin are the YSO radius and inner-disc radius, re-
spectively (Gullbring et al. 1998; Hartmann 1998). For consis-
tency with previous studies (e.g. Gullbring et al. 1998; Herczeg
& Hillenbrand 2008; Rigliaco et al. 2012; Manara et al. 2016a,
and A14), here we also assumed Rin to be 5R?. The R? and
M? values were taken from Table A.2. The results on M˙acc are
listed in Table A.3 in Appendix A. As in A14, we estimate that
the cumulative relative uncertainty in M˙acc in log scale is about
0.42 dex. The four M˙acc values reported in Table A.2 for each
YSO correspond to the four evolutionary models adopted to de-
rive the mass. The differences on M˙acc when adopting different
models are well within the errors.
We derived mass accretion rates in the range from
∼5×10−12 M yr−1 to ∼6×10−8 M yr−1, that is, similar to the
M˙acc range of the GTO sample. With a M˙acc ∼6×10−8 M yr−1
the strongest accretors in the total sample are the ∼0.8M YSOs
Sz 83, Sz 98, and GQ. We note that these numbers do not account
for the sub-luminous objects. When corrected for disk obscura-
tion Sz 102 may be among the strongest accretors. The weak-
est accretor is the ∼0.07M object AKC2006-18 with M˙acc of
5.8×10−12 M yr−1. With M?=0.02M, 2MASS J16085953-
3856275 is close to the planetary mass regime, but its mass ac-
cretion rate of 2.4×10−11 M yr−1 is similar or higher than that
of objects with a mass ≈0.1M.
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5. Accretion properties of the total sample
In this section we present the results of the accretion properties
of the total sample in relationship with the YSOs stellar param-
eters.
5.1. Accretion luminosity versus YSO luminosity
The accretion luminosity as a function of stellar luminosity is
shown in Figure 4. There is no significant difference between
the distribution of points of the new sample in the diagram with
respect to the GTO sample, although the global dispersion of the
Lacc–L? relationship slightly increased and the trend seems less
steep than for the GTO alone. Yet, the data points are apparently
less scattered than those of previous samples of other star form-
ing regions like ρ-Oph or σ-Ori (e.g. Natta et al. 2006; Rigliaco
et al. 2011; Manara et al. 2015, 2016a, and references therein),
where the scatter may be more than 2 dex at a given stellar lumi-
nosity.
Fig. 4. Accretion luminosity as a function of stellar luminosity. The
transitional discs are shown with crossed squares, while the sub-
luminous objects with open circles. The five weak accretors are shown
with red symbols. The continuous lines represent the three Lacc vs.
L? relations as labelled. Average error bars are shown in the upper left.
All the Lupus YSOs analysed here fall below the
Lacc=L? boundary, with a small fraction of objects (∼12%) be-
tween 0.1 and 1 L, and many with Lacc/L? <0.01. The fact that
our sample lacks YSOs with Lacc> 1L? is interesting because
in other star forming regions like Chamaeleon and Taurus there
are class II sources with Lacc≥L? (see Manara et al. 2016a, for
Chamaeleon I). This is rather peculiar for class II sources be-
cause it is expected that Lacc>L? only in class I sources in which
the level of accretion rate is very high. In fact, the luminosity
of class I protostars is mainly driven by accretion and not by
a photosphere. The point closest to the Lacc=L? boundary cor-
responds to the sub-luminous YSO Sz 102, whereas the (non
sub-luminous) object with the lowest log Lacc value is Lup 607,
but its accretion rate is low and comparable with the chromo-
spheric level. The YSOs with transitional discs follow the same
trend as the objects with full discs. A linear fit to the data in
Figure 4 using ASURV (Feigelson & Nelson 1985), excluding
sub-luminous objects and considering the five weak accretors as
upper limits (See section B.1), yields:
log Lacc = (1.26 ± 0.14) · log L? − (1.60 ± 0.13), (2)
with a standard deviation of 0.7, while considering the five weak
accretors as detections the fit yields:
log Lacc = (1.31 ± 0.13) · log L? − (1.54 ± 0.12), (3)
with a standard deviation of 0.7. Therefore, considering the
five values as upper limits or real detections has no signifi-
cant effect on the fits. In the following, we consider the val-
ues for the weak accretors as detections. The tool of robust re-
gression analysis based on the least median of squares (LMS)
(see Rousseuw 1984; Rousseuw & Leroy 1987) implemented in
ESO-MIDAS2 yields a slope of 1.55±0.11. Thus, the logLacc–
logL? relationship for the total sample in Lupus is steeper than
the Lacc/L? =constant lines, as found in previous works for YSOs
in other star forming regions (e.g. Natta et al. 2006; Rigliaco et
al. 2011).
Fig. 5. Median values of accretion luminosity as a function of binned
stellar luminosities. Each point represents the median of 5 Lacc values
with similar L?. The horizontal bars show the intervals of logL?.
Interestingly, the distribution of points in the Lacc–L? plane
in Figure 4 shows some evidence of a break at logL? values be-
tween −1.2 and −1.0, which corresponds to a mass between
0.1 M and 0.2 M at the 3 Myr isochrone (see Figure 2). There
are basically no strong accretors at low stellar luminosities; the
vast majority of the (non sub-luminous) objects with L? lower
than a tenth of a solar luminosity fall below the Lacc/L?=0.01
line, with only three having Lacc/L? values between 0.1 and 1,
and six between 0.01 and 0.1. To further investigate the be-
haviour of the logLacc–logL? relationship we calculated median
values of Lacc as function of L?(Figure 5). The width of each of
the 15 bins has been chosen to have a similar number of stars
in each bin (5). The binning was done over the total sample, but
excluding the sub-luminous objects. The plotting errors were es-
timated as
√
pi
2 σmean/
√
n (see Kendall & Stuart 1977), where
σmean is the standard deviation over the mean and n is the sam-
ple size in each bin (five). The binned logLacc–logL? relationship
rises rapidly with a slope 1.7± 0.2 for −1.6 . log(L?/L). −0.4
and flattens at L?>∼ −0.4 (slope ≈ 1.0), while remaining more or
less flat for logL? values below −1.6. However, we stress that
the latter behaviour is affected by incompleteness of the sample
at very low L? values, that is, in the sub-stellar regime.
2 European Southern Observatory - Munich Image Data Analysis
System
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5.2. Accretion rate versus mass
In Figure 6 the mass accretion rate is shown as a function of the
stellar mass. When including the new sample, the scatter of the
M˙acc-M? relationship increases with respect to the scatter of the
GTO sample alone (see also Figure 8 in A14). A linear fit to all
the data taking into account upper limits, but excluding the sub-
luminous objects, yields a slope 1.8±0.2, with a dispersion of 0.7
(see Table A.1 in Appendix A) . Although increased with respect
to the value for the GTO sample alone (0.3 using the Siess et al.
2000, tracks), the dispersion of the M˙acc-M? relationship is still
less than in previous investigations in the literature (Muzerolle
et al. 2003; Mohanty et al. 2005; Natta et al. 2006; Herczeg &
Hillenbrand 2008; Rigliaco et al. 2011; Antoniucci et al. 2011;
Biazzo et al. 2012, and references therein). Therefore, at first
approximation, we can conclude that for the class II and tran-
sitional YSOs in Lupus M˙acc ∝ M?1.8(±0.2), in agreement with
the results of a number of previous studies of other star form-
ing regions (Natta et al. 2006; Muzerolle et al. 2005; Herczeg &
Hillenbrand 2008; Rigliaco et al. 2011; Antoniucci et al. 2011;
Biazzo et al. 2012; Manara et al. 2016a). Using other evolu-
tionary models to derive M? and M˙acc yields similar results for
the slope of the relationship, although the Baraffe et al. (1998)
tracks tend to provide a slightly less steep (slope 1.6±0.2) re-
lationship and the scatter varies significantly depending on the
adopted evolutionary tracks (see Appendix A).
Fig. 6. Mass accretion rate M˙acc as a function of mass for the total sam-
ple in log scale. Plotting symbols are the same as in Figure 4. The av-
erage errors in logM? and logM˙acc are shown in the upper left. The
black dashed line shows the double power-law theoretically predicted
by Vorobyov & Basu (2009). The continuous magenta lines represent
the fits to the data as in Equations 4 and 5. The long-dashed blue line
shows the robust double-linear fit following the prescription by Manara
et al. (2017) as explained in the text.
The distribution of points in Figure 6 also shows some ev-
idence of a break at logM? values between −1 and −0.7 (i.e.
0.1 M and 0.2 M). More interesting, the range of M˙acc in
log scale for the sub-sample with M?< 0.2M covers about
3.5 dex in less than about 1 dex in M?, whereas in compar-
ison the higher-mass sub-sample covers a narrower range of
M˙acc (∼2.7 dex) in a wider range of mass (>1 dex). The larger
range in logM˙acc in the low-mass sub-sample in comparison
with the range for the high-mass sub-sample is confirmed by
the Kaplan-Meier (K-M ; Kaplan & Meier 1958) distributions
shown in Figure 7. The difference between the M˙acc distribution
of the sub-samples can be indeed quantified by the K-M dis-
tributions. The slope (-0.43±0.01) of the K-M distribution for
the high-mass sub-sample is slightly steeper than for the low-
mass subsample (slope=-0.38±0.01), and significantly steeper
than the K-M distribution of the objects with logM˙acc≤ −10.0
(slope=-0.28±0.02). All these arguments suggest that the distri-
bution of M˙acc as a function of mass for the high-mass subsam-
ple remains flatter than for the low-mass sub-sample, meaning a
bi-modal behaviour of the logM˙acc–logM? relationship.
Fig. 7. The Kaplan-Meier distribution of logM˙acc for the low-mass
(M?≤0.2M) and high-mass (M?>0.2M) sub-samples are shown in
red and blue, respectively.
The suggestion by Vorobyov & Basu (2008) that the
M˙acc ∝ M?2 relationship can be explained on the basis of self-
regulated accretion by gravitational torques in self-gravitating
discs led these authors to conclude that the relationship is bet-
ter described as a double power-law, with the break occurring
at M?≈0.2 M, (Vorobyov & Basu 2009). The double power-
law suggested by these authors is shown in Figure 6 with the
black dashed line. Although the theoretically predicted M˙acc val-
ues are generally higher than the measured ones, they are rather
consistent with the upper envelope of the Lupus relationship.
As pointed out by Vorobyov & Basu (2009), the theoretical
M˙acc values may be somewhat overestimated with respect to the
observed ones. They explained this effect in terms of the adopted
values of viscosity in the models. The objects in Figure 6 falling
above the modelled values are the strongest accretors at a given
mass and are also among the more luminous on the HR diagram.
Separate linear fits to the data, setting 0.2 M as dividing line,
and using the tool of robust regression analysis based on the
LMS method (see Rousseuw 1984; Rousseuw & Leroy 1987)
yield the following results:
log M˙acc = 4.58(±0.68) · log M? − 6.11(±0.61), (4)
and
log M˙acc = 1.37(±0.24) · log M? − 8.46(±0.11), (5)
for the low and high mass regimes, respectively. These fits,
shown as magenta lines in Figure 6, still resemble the theoret-
ical behaviour, but with a steeper slope for the low-mass regime
and the measured values being about 1 dex below the predicted
ones. We have performed a further fit setting the breakpoint
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of the relationship as a free parameter and following the pre-
scription outlined in Manara et al. (2017). These authors per-
formed a statistical test to demonstrate that a double-power law
is a slightly better description of the logM˙acc-logM? relationship
than a single-power law. The break point of the robust double-
linear fit is at M?=0.29M, and the slopes for the low and high
mass regimes are 3.64 and 1.35, respectively. The double-linear
fit is shown with the long-dashed blue line in Figure 6. As shown
in Appendix A the break of the M˙acc–M? relationship is evi-
dent independently of the PMS evolutionary track used to derive
M? and M˙acc. Thus, we conclude that at high masses the rela-
tionship is flatter than at low masses.
The steeper slope for the low-mass regime might be biased
by the small number statistics at M?.0.2 M. A similar binning
approach as for the logLacc–logL? relationship in the previous
section, yields the binned logM˙acc–logM? relationship shown in
Figure 8. In this figure the two-slope relationship by Vorobyov
& Basu (2009) is overplotted with a dashed line, but shifted by
−1 dex in M˙acc. Although the predicted M˙acc values are higher
than our measurements, the Lupus results are qualitatively con-
sistent with those models.
Fig. 8. Median values of accretion rate as a function of binned stellar
mass. Each point is the median of 15 M˙acc values with similar M?. The
plotting errors were computed in the same way as in Figure 5. The hor-
izontal bars represent the intervals in logM?. The dashed line shows
the two power-law relationship by Vorobyov & Basu (2009), vertically
shifted by −1 dex.
Finally, another interesting result is that most of the YSOs
with transitional discs are well mixed with those of full discs in
the logM˙acc–logM? plot, suggesting that their accretion proper-
ties are in general similar to those of YSOs with full discs, in
agreement with previous results (Manara et al. 2014; Espaillat et
al. 2014). We note, however, that there are no transitional YSOs
exhibiting levels of accretion as high as those displayed by some
YSOs with full discs and at a given mass some of them (e.g.
MY Lup and SSTc2dJ160830.7-382827) are among the weakest
accretors in the total sample.
6. Discussion
A detailed observational study of accretion and its evolution re-
quires complete and homogeneous samples of YSOs. The sam-
ple of class II and transitional YSOs studied here is complete
at a level of more than 90% with respect to the total sample of
this type of objects in the Lupus I, II, III and IV clouds. The
stellar and accretion properties of the sample have been self-
consistently derived, allowing an unbiased study of the accretion
and its relationship with the stellar parameters. We have shown
that the accretion luminosity and stellar luminosity of the Lupus
class II and transitional YSOs are correlated with a lower scat-
ter in comparison with previous studies of YSOs in other star
forming regions (e.g. Natta et al. 2006; Rigliaco et al. 2011, and
references therein). A similar low scatter has been found recently
for the Lacc–L? relationship of the Chamaeleon I YSOs (Manara
et al. 2016a), analysed with similar methodologies as here.
The Lupus correlation between Lacc and L?, when fitted with
a single power-law, is similar within the errors to that found in
previous work (e.g. Natta et al. 2006). Clarke & Pringle (2006)
pointed out that the distribution of points in the Lacc– L? plane
more or less fills a region that is bounded by the Lacc= L? re-
lation at high Lacc, and claimed that the relation is the result of
a combination of detection biases at low values of Lacc, roughly
following a power-law Lacc ∝ L?1.6. The Lupus results suggest
that the relation is real, as argued, for example, by Ercolano et
al. (2014). The relation Lacc-L? in Lupus, however, shows that a
single power-law may not the best description of the data, which
show evidence of a break, with the relationship being steeper at
low L? values than at high L? values. This effect was not seen
in other regions, but is also observed in the Chamaeleon I X-
Shooter survey by Manara et al. (2017).
The approximation M˙acc ∝ M?α, with α ≈ +2 for the Lupus
YSOs is consistent with the previous results for YSOs in other
star forming regions. The steep relation and sread of the M˙acc-
M? correlation has been interpreted as the imprints of the initial
angular momentum of the parental cores where the star-disc sys-
tems were formed (e.g. Dullemond et al. 2006). The spread of
the relationship has also been ascribed to a spread of stellar prop-
erties, such as X-ray and EUV emission (Muzerolle et al. 2003;
Ercolano et al. 2014). These latter authors in particular conclude
that the observed M˙acc–M? relation in YSOs is consistent with
being a simple consequence of disc dispersal by X-ray photoe-
vaporation. Variability is another possible source of spread in the
M˙acc values. Costigan et al. (2012) have shown that the typical
variability of M˙acc in Chamaeleon I targets is generally ≤0.4 dex.
Independent studies in other star forming regions confirm simi-
lar values (e.g. Biazzo et al. 2012; Venuti et al. 2014). Therefore,
this effect can be relevant to explain some of the observed spread
of M˙acc values. In fact the average size of the error bars of the
binned logM˙acc–logM? relationship shown in Figure 8 is also on
the order of 0.3-0.4 dex. The level of variability, however, may
be different depending on the evolutionary status of the YSO
populations. This may contribute explaining a different spread
of M˙acc among YSOs of the same mass in star forming regions
of different age.
However, the new result from our analysis is that there is ev-
idence of a break of the scaling relations at low M? and L? val-
ues. The homogeneous methods used here and the completeness
of the sample allow us to conclude that the bi-modality of the
M˙acc–M? relation of Lupus is real, regardless of the evolution-
ary models used to derive the stellar mass. It is worth noting
that a similar behavior has been confirmed for the young stel-
lar population in the L1641 region (Fang et al. 2013a) and in
Chamaeleon I (Manara et al. 2017).
The break of the empirical relationship in Lupus resembles
the theoretical prediction by Vorobyov & Basu (2009). In these
models the gravitational instability due to the self-gravity of the
discs in the early phase of disc evolution limits the disc mass in
the higher mass (M?>∼0.2M) objects, effectively setting an up-
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per limit on the mass accretion rates in the late evolution, hence
flattening the M˙acc-M? relation in this mass regime. The gravita-
tional instability has little effect in the low-mass regime, where
viscous evolution dominates at basically all times. Therefore,
our result that the M˙acc–M? relation flattens at the high mass
regime supports the importance of modelling self-gravity in the
early evolution of the more massive systems, as suggested in
Hartmann et al. (2006). However, as pointed out in Rigliaco et
al. (2011), other physical processes, such as photo-evaporation
and planet formation, may also occur during YSOs lifetime lead-
ing to disc dissipation on different timescales depending on the
stellar mass.
Interestingly, a break of the M˙acc–M? relation at the very
low-mass regime (M? . 0.1M) has also been predicted by
Stamatellos & Herczeg (2015). To explain the very high lev-
els of accretion observed in substellar and planetary-mass com-
panions to some T Tauri stars (Zhou et al. 2014), Stamatellos
& Herczeg (2015) model the accretion onto very low-mass ob-
jects that formed by the fragmentation of the disc around the
more massive star. During the early evolution the individual
discs of substellar companions –including those at the planetary-
mass regime– accrete additional material from the gas-rich par-
ent disc, hence, their discs are more massive and their accretion
rates are higher than if they were formed in isolation. Therefore,
these very low-mass objects have disc masses and accretion rates
that are independent of the mass of the central object and are
higher than expected from the scaling relations of more massive
YSOs. These models predict that M˙acc is basically independent
of M?. Our data show a hint for a flattening of both Lacc–L? and
M˙acc–M? relationships at the very low L?/M? end, but the sam-
ple lacks a statistically significant number of low-mass substellar
objects to establish the trend. It is, however, interesting that our
target close to the planetary-mass regime has a relatively high
M˙acc in comparison with the value measured in the lowest mass
YSOs in our sample.
Although the scatter of the Lupus relationship increased with
respect to our previous result in A14, it is still less than for other
samples and its upper envelope follows the same steep trend,
in contrast to the Taurus YSOs, where the upper envelope of
the relationship is flatter (see Fig. 1 in Hartmann et al. 2006).
The steeper slope of the upper envelope may lead to the idea of
a faster disc evolution of the Lupus low-mass stars than those
in Taurus, suggesting that the Lupus YSO population might be
different from the population in Taurus or other regions. Hughes
et al. (1994) concluded that Lupus may be a region of sub-critical
star formation where magnetic fields slow the collapse of the
clouds, leading to low mass accretion rates with the consequence
that the lowest mass stars in Lupus are less active than similar
objects in other regions. On the other hand, Galli et al. (2015)
provided evidence that the disc lifetimes may be shorter in Lupus
in comparison with those in Taurus.
A crucial aspect of the models regarding viscously evolv-
ing discs is the presence of the correlations of Mdisc with
M? and M˙acc (e.g. Lynden-Bell & Pringle 1974; Hartmann et
al. 2006; Dullemond et al. 2006; Tilling et al. 2008, and refer-
ences therein). On the observational side, these scaling relation-
ships have been discussed in the reviews by Natta et al. (2007)
and Williams & Cieza (2011). Despite the strong efforts on de-
tecting such correlations, previous works (e.g. Ricci et al. 2010;
Andrews et al. 2010; Olofsson et al. 2013) failed on finding a
scaling between the disc mass and the stellar mass, or the mass
accretion rate, within the uncertainties of the measurements.
Later investigations confirmed a robust Mdisc − M? correlation
for the class II YSOs in Taurus Andrews et al. (2013) and in
the Upper Scorpius OB Association Barenfeld et al. (2016), and
more recently the synergy between the ALMA and X-Shooter
projects has also been successful in confirming it for YSOs in
Chamaeleon I (Pascucci et al. 2016). The combination of the
data presented here with those reported in the ALMA survey
of Lupus protoplanetary discs have shown significant correla-
tions between Mdisc and M? (Ansdell et al. 2016) and Mdisc and
M˙acc (Manara et al. 2016b). The ALMA survey did not include,
however, YSOs with M?≤0.1M, preventing us from investigat-
ing whether the scaling relationships are different for low-mass
substellar objects than for stars. The characterisation of the phys-
ical and accretion properties of candidates to very low-mass sub-
stellar objects, using future facilities with higher performance
than X-Shooter, and high-sensitivity observations with ALMA
of these objects will provide important clues for their formation
mechanisms.
7. Summary and conclusions
We have used X-Shooter@VLT to investigate 93 YSOs previ-
ously classified as class II sources in the Lupus star forming re-
gion. The capabilities of X-Shooter in terms of wide spectral
coverage, resolution and accurate flux allowed us to characterise
the sample in terms of stellar and accretion properties in a homo-
geneous and self-consistent way and to accomplish an unbiased
study of accretion and its relationship with stellar parameters.
Our observations confirm that one of the most important
sources of contamination of the samples of YSO candidates
drawn from photometric surveys are background giants, in
agreement with previous works (e.g. Oliveira et al. 2009; Alcala´
et al. 2011; Mortier et al. 2011; Comero´n et al. 2013). We
have found that about 10% of the YSOs previously classified as
class II candidates are indeed unrelated to the Lupus star forming
region, with an important impact on the disc demography of the
star forming region. Without the knowledge of this contaminat-
ing component the detection rate of the 95% complete ALMA
survey of Lupus protoplanetary discs by Ansdell et al. (2016)
would have resulted in ∼60% instead of ∼70%, highlighting the
need for optical/infrared spectroscopic complementary data to
ALMA.
Our study of the 81 confirmed Lupus YSOs allowed us to
accomplish a synthesis of the accretion properties of the almost
(> 90%) complete sample. The accretion luminosity and stellar
luminosity of the Lupus YSOs are correlated with a lower scatter
in comparison with previous studies of YSOs in other star form-
ing regions. The slope of the Lacc– L? relationship is not driven
by selection biases and there is a lack of strong accretors at the
low YSO luminosity regime, suggesting a break of the relation-
ship at L?≈0.1 L.
For the Lupus YSOs we conclude that M˙acc ∝ M?α, with
α = +1.8 ± 0.2, but we found evidence of a break of the scaling
relations at low M? and L? values. The homogeneous methods
used here and the completeness of the sample allow us to confirm
the bi-modality of the M˙acc–M? relation of Lupus YSOs, inde-
pendently of the evolutionary models used to derive the stellar
mass. The bimodal behaviour of the observed relationship sup-
ports the importance of modelling self-gravity in the early evo-
lution of the more massive discs, but other processes such as
photo-evaporation and planet formation during YSOs lifetime,
may also lead to disc dissipation on different timescales depend-
ing on the stellar mass. Our data show tantalising evidence of
relatively constant M˙acc below 0.1 M, possibly indicating that
some of the very low-mass substellar objects may have formed
as companions of stars by the fragmentation of the circumstellar
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disc. However, our sample lacks a statistically significant num-
ber of low-mass substellar objects to confirm the result.
The accretion properties of most transitional YSOs are in
general similar to those of objects with full discs, with a minority
of them having accretion rates an order of magnitude lower than
objects with full discs. However, the highest accretion rates are
only seen in objects with full discs.
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Appendix A: Physical parameters and accretion
properties of the total sample adopting different
models
The complete list of the 81 confirmed YSOs and the synthesis
of their physical parameters are given in Table A.2. The quanti-
ties have been consistently derived as explained in A14 for the
GTO sample (first 36 raws) and Section 3.3 for the new sam-
ple, respectively. The ±0.5 subclass and ±1 subclass uncertain-
ties for the M-type and earlier type objects translate into uncer-
tainties of 0.01 dex and 0.02 dex in logTeff , respectively. The er-
ror in YSO luminosity in log scale is proportional to the error
in flux in log scale. The error in logL? was then estimated by
taking into account the contribution of both the signal-to-noise
(S/N) of the flux-calibrated spectra and the error in visual extinc-
tion, which for the purpose of error estimates we assume to be
0.5 mag for all objects (see also A14). The rms of the continuum
of the spectra was estimated in four spectral regions adjacent to
the Hα, H6, H13 and H15 lines; this was taken as the 1σ error
on the flux at the four wavelengths. The uncertainty due to ex-
tinction at the corresponding spectral regions was computed as
ln 10 · 0.4 ·RV ·∆AV, where RV is the extinction curve. The rela-
tive errors due to the flux and extinction were then combined in
quadratures, yielding a relative error in flux ∆F/F at each spec-
tral region. A weighted average was then computed providing
∆ logL?= 1ln 10 · ∆FF . The error in luminosity was then computed
as ln 10· L?·∆ logL?.
One of our main goals here is the study of the M˙acc vs.
M? relation and how it depends on the adopted PMS evolution-
ary models. Therefore, we have used the tracks by D’Antona &
Mazzitelli (1997), Baraffe et al. (1998), Siess et al. (2000) and
Baraffe et al. (2015) (hereafter DM97, BA98, S00 and B15, re-
spectively) to derive masses. The errors in the mass were cal-
culated with a Monte Carlo procedure considering the errors in
Teff and L? on the HR diagram. In each realisation, the value
of Teff and L? was randomly selected in a Gaussian distribution
centered on the measured value and with a σ equivalent to the
uncertainty. With these values, the mass was measured using the
different evolutionary models. A total of 1000 realisations were
obtained, and the standard deviation of the derived stellar masses
is then taken as the error on the mass estimate. The resulting
masses with their errors are listed in Table A.2.
The accretion luminosity for each YSO in the total sam-
ple is given in column three of Table A.3. Using the data
in Table A.2, and Eq. 1, these Lacc’s were converted into the
four M˙acc values listed in the last four columns of Table A.3.
Uncertainties on M˙acc were derived by error propagation us-
ing equation 1 in logarithmic form, i.e. logM˙acc= log(1.25 ∗
G) + logLacc+ logR?− logM?. Typical errors 0.25 dex, 0.1 dex,
and 0.1 dex in Lacc, R? and M?, respectively, yield an uncer-
tainty of ∼0.3 dex in M˙acc. The uncertainty on the Lupus YSOs
distance is estimated to be ∼23% (see Comero´n 2008, and refer-
ences therein), yielding a relative uncertainty of about 0.3 dex in
the mass accretion rate 3. Therefore we estimate the cumulative
relative uncertainty in logM˙acc to be about 0.42 dex. Within er-
rors, the mass accretion rates for each object, derived using the
mass drawn from the different evolutionary models, are practi-
cally the same.
3 We note that M˙acc ∝ d3, as Lacc ∝ d2 and R? ∝ d.
Table A.1. Fits to the logM˙acc–logM? relationship adopting different
PMS models to derive M? and M˙acc. The fits are of the form logM˙acc=
m · logM?+c
Adopted m (±err) c (±err) σ?
PMS model
B98 1.58 (0.18) -8.57 (0.12) 0.63
B15 1.85 (0.24) -8.19 (0.16) 0.72
S00 1.80 (0.23) -8.28 (0.15) 0.70
DM97 1.92 (0.34) -8.03 (0.24) 0.87
Notes.
? : standard deviation from linear fit.
A.1. The M˙acc vs. M? relation with different PMS
evolutionary models
Figure A.1 shows the logM˙acc–logM? plots for our total sample
of class II YSOs and transitional discs in Lupus when adopting
the four evolutionary models discussed in the previous subsec-
tion. For a given object the M˙acc values are practically the same
hence, the differences in the diagrams are mainly induced by the
different M? values derived from the different models. We found
similar results in a previous work (Biazzo et al. 2014) for a sam-
ple of YSOs in the L 1615/L 1616 cometary cloud in Orion. The
fit corresponding to each model is given in Table A.1. The fits
take into account weak accretors, but exclude the sub-luminous
objects. For the three YSOs with M?<0.1 M in the Siess et al.
(2000) tracks, we used the mass derived from the Baraffe et al.
(2015) models to perform the fit. The most and less scattered re-
lationships are those drawn form the DM97 and B98 models, re-
spectively, but the four fits are similar within errors. Importantly,
the break of the relationship discussed in Section 5.2 is evident
independently of the evolutionary model adopted to derive the
mass and mass accretion rate.
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Fig. A.1. Mass accretion rate M˙acc as a function of M? in log scale as determined using the four different PMS evolutionary models described in
Section A. The YSOs with transitional discs are distinguished with crossed squares, while the sub-luminous objects are shown with open circles.
The low accretors are shown with red symbols (see Section B.1). The arrows show upper or lower limits on the mass according to the availability
of the tracks in each model. Average errors are shown in the upper left of each panel. The purple dashed lines represent the corresponding linear
fits as in Table A.1.
15
Alcala´ et al.: Accretion in Lupus YSOs
Ta
bl
e
A
.2
.C
on
fir
m
ed
Y
SO
s
of
th
e
to
ta
ls
am
pl
e
w
ith
sp
ec
tr
al
ty
pe
s,
ex
tin
ct
io
n,
an
d
ph
ys
ic
al
pa
ra
m
et
er
s.
O
bj
ec
t
Sp
T
T e
ff
(e
rr
)
A
V
d
L ?
(e
rr
)
R
?
(e
rr
)
M
?
(B
98
)
(e
rr
)
M
?
(B
15
)
(e
rr
)
M
?
(D
M
97
)
(e
rr
)
M
?
(S
00
)(
er
r)
N
ot
es
[K
]
[m
ag
.]
[p
c]
[L
]
[R
]
[M
]
[M
]
[M
]
[M
]
G
TO
sa
m
pl
e:
Sz
66
M
3
34
15
(7
9)
1.
00
15
0
0.
20
00
(0
.0
92
0)
1.
29
(0
.3
0)
0.
38
(0
.0
7)
0.
29
(0
.0
5)
0.
25
(0
.0
5)
0.
31
(0
.0
4)
A
K
C
20
06
-1
9
M
5
31
25
(7
2)
0.
00
15
0
0.
01
60
(0
.0
08
0)
0.
44
(0
.1
0)
0.
12
(0
.0
3)
0.
14
(0
.0
3)
0.
16
(0
.0
3)
0.
12
(0
.0
3)
Sz
69
M
4.
5
31
97
(7
4)
0.
00
15
0
0.
08
80
(0
.0
41
0)
0.
97
(0
.2
2)
0.
22
(0
.0
5)
0.
20
(0
.0
4)
0.
18
(0
.0
3)
0.
19
(0
.0
3)
Sz
71
M
1.
5
36
32
(1
67
)
0.
50
15
0
0.
30
90
(0
.1
42
0)
1.
43
(0
.3
3)
0.
64
(0
.1
7)
0.
42
(0
.1
2)
0.
38
(0
.1
2)
0.
42
(0
.1
1)
Sz
72
M
2
35
60
(1
64
)
0.
75
15
0
0.
25
20
(0
.1
16
0)
1.
29
(0
.3
0)
0.
54
(0
.1
6)
0.
37
(0
.1
2)
0.
34
(0
.1
2)
0.
38
(0
.0
9)
Sz
73
K
7
40
60
(1
87
)
3.
50
15
0
0.
41
90
(0
.1
93
0)
1.
35
(0
.3
1)
1.
02
(0
.1
4)
0.
79
(0
.1
5)
0.
62
(0
.1
4)
0.
82
(0
.1
6)
Sz
74
M
3.
5
33
42
(7
7)
1.
50
15
0
1.
04
30
(0
.4
80
0)
3.
13
(0
.7
2)
0.
50
(0
.1
2)
0.
30
(0
.0
4)
0.
17
(0
.0
3)
0.
29
(0
.0
3)
Sz
83
K
7
40
60
(1
87
)
0.
00
15
0
1.
31
30
(0
.6
05
0)
2.
39
(0
.5
5)
1.
21
(0
.1
6)
0.
67
(0
.1
6)
0.
43
(0
.1
3)
0.
75
(0
.1
9)
Sz
84
M
5
31
25
(7
2)
0.
00
15
0
0.
12
20
(0
.0
56
0)
1.
21
(0
.2
8)
0.
18
(0
.0
4)
0.
16
(0
.0
3)
0.
16
(0
.0
2)
0.
18
(0
.0
3)
td
Sz
13
0
M
2
35
60
(1
64
)
0.
00
15
0
0.
16
00
(0
.0
74
0)
1.
03
(0
.2
4)
0.
51
(0
.1
5)
0.
41
(0
.1
2)
0.
35
(0
.1
3)
0.
37
(0
.0
9)
Sz
88
A
M
0
38
50
(1
77
)
0.
25
20
0
0.
48
80
(0
.2
25
0)
1.
61
(0
.3
7)
0.
94
(0
.1
6)
0.
56
(0
.1
4)
0.
46
(0
.1
3)
0.
57
(0
.1
5)
Sz
88
B
M
4.
5
31
97
(7
4)
0.
00
20
0
0.
11
80
(0
.0
54
0)
1.
12
(0
.2
6)
0.
22
(0
.0
5)
0.
20
(0
.0
3)
0.
18
(0
.0
2)
0.
20
(0
.0
3)
Sz
91
M
1
37
05
(1
71
)
1.
20
20
0
0.
31
10
(0
.1
43
0)
1.
36
(0
.3
1)
0.
73
(0
.1
7)
0.
47
(0
.1
3)
0.
43
(0
.1
3)
0.
47
(0
.1
2)
td
L
up
71
3
M
5.
5
30
57
(7
0)
0.
00
20
0
0.
02
00
(0
.0
09
0)
0.
52
(0
.1
2)
0.
09
(0
.0
2)
0.
11
(0
.0
3)
0.
14
(0
.0
3)
0.
11
(0
.0
2)
L
up
60
4s
M
5.
5
30
57
(7
0)
0.
00
20
0
0.
05
70
(0
.0
26
0)
0.
83
(0
.1
9)
0.
13
(0
.0
3)
0.
14
(0
.0
3)
0.
15
(0
.0
2)
0.
13
(0
.0
2)
Sz
97
M
4
32
70
(7
5)
0.
00
20
0
0.
16
90
(0
.0
78
0)
1.
34
(0
.2
8)
0.
27
(0
.0
5)
0.
23
(0
.0
3)
0.
19
(0
.0
3)
0.
25
(0
.0
3)
Sz
99
M
4
32
70
(7
5)
0.
00
20
0
0.
07
40
(0
.0
34
0)
0.
89
(0
.2
0)
0.
24
(0
.0
5)
0.
23
(0
.0
4)
0.
21
(0
.0
3)
0.
22
(0
.0
3)
Sz
10
0
M
5.
5
30
57
(7
0)
0.
00
20
0
0.
16
90
(0
.0
78
0)
1.
43
(0
.3
3)
0.
17
(0
.0
4)
0.
16
(0
.0
2)
0.
14
(0
.0
2)
0.
18
(0
.0
3)
td
Sz
10
3
M
4
32
70
(7
5)
0.
70
20
0
0.
18
80
(0
.0
87
0)
1.
41
(0
.3
0)
0.
28
(0
.0
6)
0.
22
(0
.0
3)
0.
19
(0
.0
3)
0.
25
(0
.0
3)
Sz
10
4
M
5
31
25
(7
2)
0.
00
20
0
0.
10
20
(0
.0
47
0)
1.
11
(0
.2
6)
0.
18
(0
.0
4)
0.
16
(0
.0
3)
0.
16
(0
.0
2)
0.
18
(0
.0
3)
L
up
70
6
M
7.
5
27
95
(6
4)
0.
00
20
0
0.
00
30
(0
.0
01
0)
0.
22
(0
.0
5)
0.
05
(0
.0
1)
0.
05
(0
.0
1)
0.
04
(0
.0
1)
<
0.
10
sl
Sz
10
6
M
0.
5
37
77
(1
74
)
1.
00
20
0
0.
09
80
(0
.0
45
0)
0.
72
(0
.1
7)
0.
66
(0
.1
1)
0.
62
(0
.1
1)
0.
60
(0
.1
2)
0.
51
(0
.1
1)
sl
Pa
r-
L
up
3-
3
M
4
32
70
(7
5)
2.
20
20
0
0.
24
00
(0
.1
10
0)
1.
59
(0
.3
7)
0.
30
(0
.0
6)
0.
22
(0
.0
3)
0.
18
(0
.0
3)
0.
26
(0
.0
3)
Pa
r-
L
up
3-
4
M
4.
5
31
97
(7
4)
0.
00
20
0
0.
00
30
(0
.0
01
0)
0.
17
(0
.0
4)
0.
16
(0
.0
2)
0.
17
(0
.0
2)
0.
15
(0
.0
2)
0.
16
(0
.0
2)
sl
Sz
11
0
M
4
32
70
(7
5)
0.
00
20
0
0.
27
60
(0
.1
27
0)
1.
61
(0
.3
7)
0.
29
(0
.0
7)
0.
22
(0
.0
3)
0.
18
(0
.0
3)
0.
26
(0
.0
3)
Sz
11
1
M
1
37
05
(1
71
)
0.
00
20
0
0.
33
00
(0
.1
52
0)
1.
40
(0
.3
2)
0.
74
(0
.1
6)
0.
47
(0
.1
3)
0.
43
(0
.1
3)
0.
46
(0
.1
2)
td
Sz
11
2
M
5
31
25
(7
2)
0.
00
20
0
0.
19
10
(0
.0
88
0)
1.
52
(0
.3
5)
0.
19
(0
.0
5)
0.
17
(0
.0
3)
0.
15
(0
.0
2)
0.
20
(0
.0
3)
td
Sz
11
3
M
4.
5
31
97
(7
4)
1.
00
20
0
0.
06
40
(0
.0
30
0)
0.
83
(0
.1
9)
0.
20
(0
.0
5)
0.
20
(0
.0
4)
0.
19
(0
.0
3)
0.
19
(0
.0
3)
2M
A
SS
J1
60
85
95
3-
38
56
27
5
M
8.
5
26
00
(6
0)
0.
00
20
0
0.
00
90
(0
.0
04
0)
0.
47
(0
.1
1)
0.
03
(0
.0
1)
0.
02
(0
.0
1)
0.
02
(0
.0
1)
<
0.
10
SS
T
c2
d1
60
90
1.
4-
39
25
12
M
4
32
70
(7
5)
0.
50
20
0
0.
14
80
(0
.0
68
0)
1.
25
(0
.2
9)
0.
27
(0
.0
5)
0.
22
(0
.0
4)
0.
20
(0
.0
3)
0.
24
(0
.0
4)
Sz
11
4
M
4.
8
31
75
(7
3)
0.
30
20
0
0.
31
20
(0
.1
44
0)
1.
82
(0
.4
2)
0.
32
(0
.0
8)
0.
21
(0
.0
3)
0.
15
(0
.0
2)
0.
23
(0
.0
3)
Sz
11
5
M
4.
5
31
97
(7
4)
0.
50
20
0
0.
17
50
(0
.0
80
0)
1.
36
(0
.3
1)
0.
23
(0
.0
5)
0.
19
(0
.0
3)
0.
17
(0
.0
2)
0.
22
(0
.0
3)
L
up
81
8s
M
6
29
90
(6
7)
0.
00
20
0
0.
02
50
(0
.0
11
0)
0.
58
(0
.1
3)
0.
08
(0
.0
2)
0.
09
(0
.0
2)
0.
13
(0
.0
2)
0.
10
(0
.0
1)
Sz
12
3A
M
1
37
05
(1
71
)
1.
25
20
0
0.
20
30
(0
.0
93
0)
1.
10
(0
.2
5)
0.
68
(0
.1
5)
0.
51
(0
.1
4)
0.
50
(0
.1
4)
0.
46
(0
.1
2)
td
Sz
12
3B
M
2
35
60
(1
64
)
0.
00
20
0
0.
05
10
(0
.0
24
0)
0.
58
(0
.1
3)
0.
49
(0
.1
2)
0.
46
(0
.1
1)
0.
41
(0
.1
0)
0.
34
(0
.0
9)
sl
SS
T-
L
up
3-
1
M
5
31
25
(7
2)
0.
00
20
0
0.
05
90
(0
.0
27
0)
0.
85
(0
.1
9)
0.
16
(0
.0
4)
0.
17
(0
.0
3)
0.
17
(0
.0
2)
0.
15
(0
.0
3)
N
ew
sa
m
pl
e:
Sz
65
K
7
40
60
(1
87
)
0.
60
15
0
0.
83
18
(0
.3
62
3)
1.
84
(0
.4
0)
1.
15
(0
.1
5)
0.
70
(0
.1
6)
0.
49
(0
.1
3)
0.
76
(0
.1
8)
A
K
C
20
06
-1
8
M
6.
5
29
35
(6
6)
0.
00
15
0
0.
01
07
(0
.0
04
8)
0.
40
(0
.0
9)
0.
07
(0
.0
1)
0.
07
(0
.0
1)
0.
08
(0
.0
2)
<
0.
10
SS
T
c2
dJ
15
45
08
.9
-3
41
73
4
M
5.
5
30
60
(7
1)
5.
50
15
0
0.
05
75
(0
.0
28
3)
0.
85
(0
.2
1)
0.
13
(0
.0
3)
0.
14
(0
.0
3)
0.
16
(0
.0
2)
0.
14
(0
.0
2)
Sz
68
K
2
49
00
(2
26
)
1.
00
15
0
5.
12
86
(2
.1
91
9)
3.
14
(0
.6
7)
>
1.
40
>
1.
40
1.
40
(0
.4
2)
2.
13
(0
.3
3)
SS
T
c2
dJ
15
45
18
.5
-3
42
12
5
M
6.
5
29
35
(6
8)
0.
00
15
0
0.
04
07
(0
.0
18
1)
0.
78
(0
.1
7)
0.
08
(0
.0
2)
0.
08
(0
.0
2)
0.
12
(0
.0
2)
0.
10
(0
.0
1)
Sz
81
A
M
4.
5
32
00
(7
4)
0.
00
15
0
0.
22
39
(0
.1
10
3)
1.
54
(0
.3
8)
0.
23
(0
.0
7)
0.
19
(0
.0
3)
0.
17
(0
.0
3)
0.
23
(0
.0
3)
Sz
81
B
M
5.
5
30
60
(7
1)
0.
00
15
0
0.
10
96
(0
.0
63
8)
1.
18
(0
.3
4)
0.
13
(0
.0
4)
0.
14
(0
.0
3)
0.
15
(0
.0
2)
0.
15
(0
.0
3)
Sz
12
9
K
7
40
60
(1
87
)
0.
90
15
0
0.
37
15
(0
.1
60
0)
1.
23
(0
.2
7)
0.
99
(0
.1
4)
0.
79
(0
.1
5)
0.
66
(0
.1
4)
0.
80
(0
.1
6)
SS
T
c2
dJ
15
59
25
.2
-4
23
50
7
M
5
31
25
(7
2)
0.
00
15
0
0.
01
95
(0
.0
09
2)
0.
48
(0
.1
1)
0.
12
(0
.0
3)
0.
14
(0
.0
3)
0.
17
(0
.0
3)
0.
12
(0
.0
2)
RY
L
up
K
2
49
00
(2
26
)
0.
40
15
0
1.
65
96
(0
.7
07
7)
1.
79
(0
.3
8)
1.
40
(0
.1
5)
>
1.
40
1.
27
(0
.2
6)
1.
47
(0
.2
2)
td
SS
T
c2
dJ
16
00
00
.6
-4
22
15
8
M
4.
5
32
00
(7
4)
0.
00
15
0
0.
08
71
(0
.0
41
5)
0.
96
(0
.2
3)
0.
22
(0
.0
5)
0.
20
(0
.0
4)
0.
19
(0
.0
3)
0.
19
(0
.0
3)
SS
T
c2
dJ
16
00
02
.4
-4
22
21
6
M
4
32
70
(7
5)
1.
40
15
0
0.
14
79
(0
.0
66
6)
1.
20
(0
.2
7)
0.
27
(0
.0
5)
0.
22
(0
.0
4)
0.
20
(0
.0
3)
0.
24
(0
.0
4)
SS
T
c2
dJ
16
00
26
.1
-4
15
35
6
M
5.
5
30
60
(7
1)
0.
90
15
0
0.
06
61
(0
.0
39
7)
0.
91
(0
.2
7)
0.
14
(0
.0
3)
0.
14
(0
.0
3)
0.
15
(0
.0
2)
0.
14
(0
.0
3)
M
Y
L
up
K
0
51
00
(2
35
)
1.
30
15
0
0.
77
62
(0
.3
31
5)
1.
13
(0
.2
4)
0.
99
(0
.1
0)
1.
06
(0
.1
4)
1.
11
(0
.1
4)
1.
02
(0
.1
3)
td
Sz
13
1
M
3
34
15
(7
9)
1.
30
15
0
0.
13
18
(0
.0
58
3)
1.
04
(0
.2
3)
0.
36
(0
.0
7)
0.
32
(0
.0
5)
0.
26
(0
.0
5)
0.
30
(0
.0
4)
Sz
13
3
K
5
43
50
(2
00
)
1.
80
15
0
0.
07
08
(0
.0
32
3)
0.
47
(0
.1
1)
sl
,b
z
SS
T
c2
dJ
16
07
03
.9
-3
91
11
2
M
4.
5
32
00
(7
4)
0.
60
20
0
0.
00
48
(0
.0
02
6)
0.
23
(0
.0
6)
0.
15
(0
.0
3)
<
0.
10
0.
18
(0
.0
3)
0.
17
(0
.0
3)
sl
,t
d?
Sz
90
K
7
40
60
(1
87
)
1.
80
20
0
0.
66
07
(0
.2
84
5)
1.
64
(0
.3
6)
1.
11
(0
.1
5)
0.
73
(0
.1
6)
0.
52
(0
.1
4)
0.
79
(0
.1
7)
Sz
95
M
3
34
15
(7
9)
0.
80
20
0
0.
41
69
(0
.1
84
2)
1.
84
(0
.4
1)
0.
46
(0
.0
9)
0.
29
(0
.0
4)
0.
23
(0
.0
4)
0.
33
(0
.0
4)
16
Alcala´ et al.: Accretion in Lupus YSOs
Sz
96
M
1
37
05
(1
71
)
0.
80
20
0
0.
69
18
(0
.3
23
4)
2.
02
(0
.4
7)
0.
80
(0
.1
7)
0.
43
(0
.1
0)
0.
33
(0
.1
0)
0.
46
(0
.1
1)
2M
A
SS
J1
60
81
49
7-
38
57
14
5
M
5.
5
30
60
(7
1)
1.
50
20
0
0.
00
87
(0
.0
04
7)
0.
33
(0
.0
9)
0.
09
(0
.0
2)
0.
10
(0
.0
3)
0.
12
(0
.0
3)
0.
10
(0
.0
2)
Sz
98
K
7
40
60
(1
87
)
1.
00
20
0
2.
51
19
(1
.0
75
5)
3.
20
(0
.6
9)
1.
37
(0
.1
3)
0.
70
(0
.1
6)
0.
38
(0
.1
1)
0.
74
(0
.2
0)
L
up
60
7
M
6.
5
29
35
(6
6)
0.
00
20
0
0.
07
08
(0
.0
37
0)
1.
03
(0
.2
7)
0.
10
(0
.0
2)
0.
10
(0
.0
2)
0.
12
(0
.0
2)
0.
10
(0
.0
1)
Sz
10
2
K
2
49
00
(2
26
)
0.
70
20
0
0.
01
48
(0
.0
06
4)
0.
17
(0
.0
4)
sl
,b
z
SS
T
c2
dJ
16
08
30
.7
-3
82
82
7
K
2
49
00
(2
26
)
0.
20
20
0
3.
02
00
(1
.3
08
2)
2.
41
(0
.5
2)
>
1.
40
>
1.
40
1.
32
(0
.3
5)
1.
81
(0
.2
8)
td
SS
T
c2
dJ
16
08
36
.2
-3
92
30
2/
V
10
94
Sc
o
K
6
42
05
(1
93
)
1.
70
20
0
1.
94
99
(0
.8
63
3)
2.
63
(0
.6
3)
1.
39
(0
.1
3)
0.
79
(0
.1
8)
0.
89
(0
.2
4)
0.
47
(0
.1
4)
td
?
Sz
10
8B
M
5
31
25
(7
2)
1.
60
20
0
0.
15
14
(0
.0
81
3)
1.
33
(0
.3
6)
0.
16
(0
.0
5)
0.
17
(0
.0
3)
0.
16
(0
.0
2)
0.
19
(0
.0
3)
2M
A
SS
J1
60
85
32
4-
39
14
40
1
M
3
34
15
(7
9)
1.
90
20
0
0.
30
20
(0
.1
47
7)
1.
57
(0
.3
8)
0.
42
(0
.0
8)
0.
29
(0
.0
4)
0.
24
(0
.0
5)
0.
32
(0
.0
4)
2M
A
SS
J1
60
85
37
3-
39
14
36
7
M
5.
5
30
60
(7
1)
4.
00
20
0
0.
00
66
(0
.0
02
8)
0.
29
(0
.0
6)
0.
09
(0
.0
2)
0.
10
(0
.0
3)
0.
12
(0
.0
3)
0.
10
(0
.0
2)
2M
A
SS
J1
60
85
52
9-
38
48
48
1
M
6.
5
29
35
(6
8.
)
0.
00
20
0
0.
07
59
(0
.0
41
4)
1.
07
(0
.2
9)
0.
11
(0
.0
2)
0.
11
(0
.0
2)
0.
12
(0
.0
2)
0.
10
(0
.0
2)
SS
T
c2
dJ
16
09
27
.0
-3
83
62
8
M
4.
5
32
00
(7
4)
2.
20
20
0
0.
11
48
(0
.0
50
1)
1.
10
(0
.2
4)
0.
23
(0
.0
5)
0.
19
(0
.0
3)
0.
18
(0
.0
2)
0.
20
(0
.0
3)
Sz
11
7
M
3.
5
33
40
(7
7)
0.
50
20
0
0.
44
67
(0
.1
92
7)
2.
00
(0
.4
3)
0.
44
(0
.0
9)
0.
26
(0
.0
3)
0.
19
(0
.0
3)
0.
29
(0
.0
3)
Sz
11
8
K
5
43
50
(2
00
)
1.
90
20
0
1.
07
15
(0
.4
66
3)
1.
82
(0
.4
0)
1.
39
(0
.1
6)
1.
01
(0
.1
9)
0.
63
(0
.1
6)
1.
09
(0
.2
0)
2M
A
SS
J1
61
00
13
3-
39
06
44
9
M
6.
5
29
35
(6
8)
1.
70
20
0
0.
20
89
(0
.1
28
9)
1.
77
(0
.5
5)
<
0.
10
0.
10
(0
.0
3)
0.
12
(0
.0
1)
0.
14
(0
.0
3)
SS
T
c2
dJ
16
10
18
.6
-3
83
61
3
M
5
31
25
(7
2)
0.
50
20
0
0.
06
03
(0
.0
31
5)
0.
84
(0
.2
2)
0.
17
(0
.0
4)
0.
17
(0
.0
3)
0.
17
(0
.0
2)
0.
15
(0
.0
3)
SS
T
c2
dJ
16
10
19
.8
-3
83
60
7
M
6.
5
29
35
(6
8)
0.
00
20
0
0.
07
08
(0
.0
37
8)
1.
03
(0
.2
7)
0.
10
(0
.0
2)
0.
10
(0
.0
2)
0.
12
(0
.0
2)
0.
10
(0
.0
2)
SS
T
c2
dJ
16
10
29
.6
-3
92
21
5
M
4.
5
32
00
(7
4)
0.
90
20
0
0.
15
85
(0
.0
69
8)
1.
29
(0
.2
9)
0.
23
(0
.0
5)
0.
19
(0
.0
3)
0.
17
(0
.0
2)
0.
22
(0
.0
3)
td
SS
T
c2
dJ
16
12
43
.8
-3
81
50
3
M
1
37
05
(1
71
)
0.
80
20
0
0.
61
66
(0
.2
69
1)
1.
91
(0
.4
2)
0.
79
(0
.1
7)
0.
44
(0
.1
1)
0.
34
(0
.1
1)
0.
47
(0
.1
1)
SS
T
c2
dJ
16
13
44
.1
-3
73
64
6
M
5
31
25
(7
2)
0.
60
20
0
0.
06
92
(0
.0
30
5)
0.
90
(0
.2
0)
0.
17
(0
.0
4)
0.
16
(0
.0
3)
0.
17
(0
.0
2)
0.
16
(0
.0
3)
Ta
rg
et
s
fr
om
E
SO
ar
ch
iv
e:
Sz
75
/G
Q
L
up
K
6
42
05
(1
93
)
0.
70
15
0
1.
44
54
(0
.6
26
0)
2.
26
(0
.5
3)
1.
40
(0
.1
5)
0.
86
(0
.1
9)
0.
96
(0
.2
3)
0.
51
(0
.1
4)
Sz
76
M
4
32
70
(7
5)
0.
20
15
0
0.
15
85
(0
.0
70
4)
1.
24
(0
.2
8)
0.
27
(0
.0
5)
0.
23
(0
.0
4)
0.
19
(0
.0
3)
0.
25
(0
.0
3)
td
Sz
77
K
7
40
60
(1
87
)
0.
00
15
0
0.
54
95
(0
.2
42
8)
1.
50
(0
.3
6)
1.
08
(0
.1
5)
0.
75
(0
.1
6)
0.
56
(0
.1
4)
0.
79
(0
.1
7)
R
X
J1
55
6.
1-
36
55
M
1
37
05
(1
71
)
1.
00
15
0
0.
23
44
(0
.1
00
0)
1.
17
(0
.2
7)
0.
70
(0
.1
6)
0.
50
(0
.1
3)
0.
47
(0
.1
4)
0.
46
(0
.1
2)
Sz
82
/I
M
L
up
K
5
43
50
(2
00
)
0.
90
15
0
2.
33
00
(1
.0
39
7)
2.
69
(0
.6
5)
1.
40
(0
.0
0)
0.
95
(0
.0
0)
0.
55
(0
.0
0)
1.
10
(0
.0
0)
td
E
X
L
up
M
0
38
50
(1
77
)
1.
10
20
0
1.
23
03
(0
.5
30
2)
2.
49
(0
.5
8)
1.
04
(0
.1
7)
0.
52
(0
.1
3)
0.
33
(0
.1
1)
0.
56
(0
.1
4)
N
ot
es
:
td
:Y
SO
w
ith
tr
an
si
tio
na
ld
is
c
sl
:s
ub
-l
um
in
ou
s
Y
SO
bz
:s
ub
-l
um
in
ou
s
ob
je
ct
fa
lli
ng
be
lo
w
th
e
ze
ro
-a
ge
m
ai
n-
se
qu
en
ce
on
th
e
H
R
di
ag
ra
m
17
Alcala´ et al.: Accretion in Lupus YSOs
Table A.3. Accretion properties of the total sample.
Object Template logLacc logM˙acc(B98) logM˙acc(B15) logM˙acc(DM98) logM˙acc(S00) Notes
[L] [Myr−1] [Myr−1] [Myr−1] [Myr−1]
GTO sample:
Sz66 SO797 −1.8 −8.66 −8.54 −8.48 −8.57
AKC2006-19 SO641 −4.1 −10.93 −11.00 −11.05 −10.93
Sz69 SO797 −2.8 −9.55 −9.51 −9.46 −9.48
Sz71 TWA15A −2.2 −9.24 −9.06 −9.02 −9.06
Sz72 TWA9B −1.8 −8.81 −8.65 −8.61 −8.66
Sz73 SO879 −1.0 −8.27 −8.16 −8.06 −8.18
Sz74 TWA15A −1.5 −8.10 −7.87 −7.63 −7.86
Sz83 SO879 −0.3 −7.40 −7.14 −6.95 −7.19
Sz84 SO641 −2.7 −9.27 −9.21 −9.21 −9.27
Sz130 TWA2A −2.2 −9.29 −9.19 −9.12 −9.15
Sz88A TWA25 −1.2 −8.36 −8.13 −8.05 −8.14
Sz88B SO797 −3.1 −9.79 −9.74 −9.70 −9.74
Sz91 TWA13A −1.8 −8.92 −8.73 −8.69 −8.73
Lup713 Par-Lup3-2 −3.5 −10.13 −10.22 −10.32 −10.22
Lup604s SO925 −3.7 −10.29 −10.32 −10.35 −10.29
Sz97 Sz94 −2.9 −9.60 −9.53 −9.44 −9.56
Sz99 TWA9B −2.6 −9.42 −9.41 −9.37 −9.39
Sz100 SO641 −3.0 −9.47 −9.44 −9.38 −9.49
Sz103 Sz94 −2.4 −9.09 −8.99 −8.92 −9.04
Sz104 SO641 −3.2 −9.80 −9.75 −9.75 −9.80
Lup706 TWA26 −4.8 −11.55 −11.55 −11.45 −11.55
Sz106 TWA25 −2.5 −9.86 −9.83 −9.81 −9.74
Par-Lup3-3 TWA15A −2.9 −9.57 −9.43 −9.35 −9.51
Par-Lup3-4 SO641 −4.1 −11.47 −11.49 −11.44 −11.47
Sz110 Sz94 −2.0 −8.65 −8.53 −8.44 −8.60
Sz111 TWA13A −2.2 −9.32 −9.12 −9.08 −9.11
Sz112 SO641 −3.2 −9.69 −9.64 −9.59 −9.71
Sz113 SO797 −2.1 −8.87 −8.87 −8.85 −8.85
2MASSJ16085953-3856275 TWA26 −4.6 −10.80 −10.62 −10.62 −10.62
SSTc2d160901.4-392512 Sz94 −3.0 −9.73 −9.64 −9.60 −9.68
Sz114 Sz94 −2.5 −9.14 −8.96 −8.81 −8.99
Sz115 SO797 −2.7 −9.32 −9.24 −9.19 −9.30
Lup818s SO925 −4.1 −10.63 −10.68 −10.84 −10.73
Sz123A TWA2A −1.8 −8.98 −8.86 −8.85 −8.81
Sz123B TWA15B −2.7 −10.02 −9.99 −9.94 −9.86
SST-Lup3-1 SO641 −3.6 −10.27 −10.29 −10.29 −10.24
New sample:
Sz65 SO879 <−2.6 <−9.79 <−9.57 <−9.42 <−9.61 a
AKC2006-18 Par-Lup3-1 −4.6 −11.24 −11.24 −11.29 −11.24
SSTc2dJ154508.9-341734 Sz107 −1.8 −8.38 −8.41 −8.47 −8.41
Sz68 RXJ0438 <−1.2 <−8.24 <−8.24 <−8.24 <−8.42 a
SSTc2dJ154518.5-342125 Par-Lup3-1 −4.3 −10.70 −10.70 −10.88 −10.80
Sz81A SO797 −2.5 −9.07 −8.98 −8.94 −9.07
Sz81B SO925 −3.2 −9.64 −9.67 −9.70 −9.70
Sz129 TWA6 −1.2 −8.50 −8.40 −8.32 −8.41
SSTc2dJ155925.2-423507 SO641 −4.4 −11.19 −11.26 −11.34 −11.19
RY Lup RXJ0438 −0.9 −8.19 −8.19 −8.14 −8.21
SSTc2dJ160000.6-422158 SO797 −3.1 −9.85 −9.81 −9.79 −9.79
SSTc2dJ160002.4-422216 Sz94 −3.0 −9.75 −9.66 −9.61 −9.69
SSTc2dJ160026.1-415356 SO925 −3.3 −9.88 −9.88 −9.91 −9.88
MY Lup HBC407 <−2.3 <−9.64 <−9.67 <−9.69 <−9.65 a
Sz131 CD 36-7429B −2.4 −9.33 −9.28 −9.19 −9.25
Sz133 CD 36-7429A −1.8 c
SSTc2dJ160703.9-391112 SO797 −5.2 −12.41 −12.38 −12.46 −12.49
Sz90 TWA6 −1.6 −8.82 −8.64 −8.49 −8.68
Sz95 CD 36-7429B −2.5 −9.29 −9.09 −8.99 −9.15
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Sz96 RXJ1121.3-3447 −2.3 −9.29 −9.02 −8.91 −9.05
2MASSJ16081497-3857145 SO925 −3.4 −10.23 −10.27 −10.35 −10.27
Sz98 SO879 −0.5 −7.52 −7.23 −6.97 −7.26
Lup607 Par-Lup3-1 <−4.9 <−11.28 <−11.28 <−11.36 <−11.28 a
Sz102 CrA75 −2.0 c
SSTc2dJ160830.7-382827 RXJ0438 <−1.8 <−8.96 <−8.96 <−8.93 <−9.07 a
SSTc2dJ160836.2-392302/V1094 Sco RXJ1543.1-3920 −0.8 −7.92 −7.67 −7.45 −7.72
Sz108B SO641 −2.9 −9.37 −9.40 −9.37 −9.45
2MASSJ16085324-3914401 TWA15 −3.1 −9.92 −9.76 −9.68 −9.80
2MASSJ16085373-3914367 — −3.7 −10.58 −10.63 −10.71 −10.63 b
2MASSJ16085529-3848481 Par-Lup3-1 −4.1 −10.51 −10.51 −10.54 −10.46
SSTc2dJ160927.0-383628 SO797 −1.3 −8.01 −7.93 −7.91 −7.95
Sz117 TWA15 −2.1 −8.84 −8.61 −8.47 −8.65
Sz118 CD 36-7429A −1.8 −9.08 −8.94 −8.73 −8.97
2MASSJ16100133-3906449 Par-Lup3-1 −3.4 −9.55 −9.55 −9.62 −9.69
SSTc2dJ161018.6-383613 Par-Lup3-2 −3.8 −10.50 −10.50 −10.50 −10.44
SSTc2dJ161019.8-383607 Par-Lup3-1 −3.9 −10.28 −10.28 −10.36 −10.28
SSTc2dJ161029.6-392215 SO797 −3.2 −9.84 −9.76 −9.71 −9.82
SSTc2dJ161243.8-381503 RXJ1121.3-3447 −2.0 −9.01 −8.76 −8.64 −8.78
SSTc2dJ161344.1-373646 Par-Lup3-2 −2.3 −8.97 −8.94 −8.97 −8.94
Targets from ESO archive:
Sz75/GQ Lup RXJ1540.7-3756 −0.7 −7.89 −7.67 −7.45 −7.72
Sz76 Tyc7760283 1 −2.6 −9.33 −9.26 −9.18 −9.30
Sz77 Sz94 −1.7 −8.95 −8.79 −8.67 −8.81
RXJ1556.1-3655 SO879 −0.9 −8.07 −7.92 −7.90 −7.89
Sz82/IM Lup CD 36 7429A −1.1 −8.21 −8.04 −7.80 −8.10
EX Lup SO879 −0.7 −7.71 −7.41 −7.22 −7.44
Notes.
a: considered as weak accretor because Lacc is comparable to the chromospheric level (see Section B.1).
b: Lacc calculated from the luminosity of 7 permitted emission lines, using the Lacc–Lline relationships revisited in Appendix B.
c: sub-luminous object falling below the ZAMS.
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Appendix B: Accretion luminosity versus line
luminosity relationships revisited
In this paper we more than double the number of YSOs in Lupus
with accurately and homogeneously determined values of ac-
cretion luminosity and line luminosity. The latter was measured
for large number of permitted emission lines simultaneously ob-
served in a wide spectral range from the UVB to the NIR. It is
then worth to revisit the relationships between the continuum ex-
cess emission and the emission in the individual permitted lines
that we have derived in A14, on a more statistically significant
basis by using the total sample.
Figures E.1 to E.6 (on-line material only) show the relation-
ships between Lacc and the luminosity of the permitted emission
lines discussed in A14 for the GTO sample. Overplotted in these
figures are the data corresponding to the new sample. The line
luminosities were calculated as explained in Section 3.4. For the
reasons discussed in that Section, the He i λ1082.9nm line is not
included in our analysis here. In order to avoid confusion we do
not include the data from the literature on the plots.
A comparison of the results shown in Table 4 of A14 and
those in Table B.1 shows that the linear fits of the GTO sam-
ple and those presented here for the total sample are in very
good agreement for all the lines. The linear fits of the log Lacc vs.
log Lline relationships were then recalculated using the package
ASURV (Feigelson & Nelson 1985), which includes censoring
of upper or lower limits in the fits. The results of the new fits (cf.
Table B.1) including and excluding upper limits are consistent
within the errors, but given the good number statistics the fits
were done with detections only. The total number of points and
the standard deviation of the fits are given in the fifth and sixth
columns of Table B.1, respectively. For the reasons discussed in
A14 no fits were calculated for the Br 8 (Brδ) relation.
The new relationships are very similar to those in A14 with
the only difference that the errors on the parameters of the linear
fits are reduced by about 30%, although the standard deviation
from the fits has generally increased by about 15% on the aver-
age. The latter is a natural consequence of the larger number of
points included here with respect to A14. The recommended re-
lationships to calculate Lacc from Lline are indicated in the notes
of Table B.1. All the conclusions regarding the physical interpre-
tations on these relationships given in A14 are confirmed here
with the total sample.
Mendigutı´a et al. (2015) suggest that all the Lacc-Lline re-
lationships are a direct consequence of the Lacc–L? correlation
and not necessarily related with the physical origin of the lines.
Whatever the case, these relationships are a useful tool to de-
rive estimates of the accretion luminosity hence, accretion rate.
The relations computed here have in general a lower dispersion
than those found in the literature by applying similar methodolo-
gies of fitting the UV excess emission, and in general continuum
excess emission (e.g. Herczeg & Hillenbrand 2008; Rigliaco
et al. 2012; Ingleby et al. 2013). However, one must keep in
mind that each point in the relationships represents an instanta-
neous snapshot of Lacc and Lline. Note that the results of tempo-
ral monitoring of several YSOs indicate variability in optically
thick line fluxes, without significant changes in the correspond-
ing continuum accretion rate (e.g. Gahm et al. 2008; Herczeg et
al. 2009), so that some dispersion may still arise from variability
even when the observations are simultaneous.
Fig. B.1. Average accretion luminosity 〈Lacc(lines)〉 derived from emis-
sion lines as described in the text (upper panel) and the 〈Lacc(lines)/L?〉
ratio (lower panel) in logarithmic scale as a function of effective tem-
perature for the total sample. The objects with transitional discs are
distinguished with crossed squares, while the sub-luminous objects are
shown with open circles. The dashed lines in both panels mark the locus
below which chromospheric emission is important in comparison with
Lacc. The vertical error bars represent the standard deviation over the
average. The weak accretors and RY Lup are labelled.
B.1. Accretion versus chromospheric emission
An important aspect to be considered when determining the ac-
cretion and line luminosity is the contribution of chromospheric
emission. The relative importance of (hydrogen) line emission
with respect to Lacc is higher for low Lacc values, and chro-
mospheric emission may be the dominant process in the lines
(Ingleby et al 2011; Rigliaco et al. 2012; Manara et al. 2013a;
Frasca et al. 2015). Based on the luminosity of several chro-
mospheric emission lines in the class III templates, Manara et
al. (2013a) determined a threshold below which chromospheric
emission dominates line luminosities. The threshold depends on
YSO effective temperature and age.
To investigate the possible effects of chromospheric line
emission in the new sample, we have compared the threshold
derived by Manara et al. (2013a) with the accretion luminosity,
Lacc(lines), derived by using emission line diagnostics and the
revisited Lacc–Lline relations. In Figure B.1 the 〈Lacc(lines)〉 val-
ues and the 〈Lacc(lines)/L?〉 ratio (as suggested in Manara et al.
2013a; Mendigutı´a et al. 2015) are plotted in logarithmic scale
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Table B.1. Revisited Lacc– Lline linear fits†.
Diagnostic λ a (±err) b (±err) N‡points σ? Comments
[nm] GTO + New
H3 (Hα) 656.2800 1.13 (0.05) 1.74 (0.19) 36 + 6 + 45 0.41
H4 (Hβ) 486.1325 1.14 (0.04) 2.59 (0.16) 36 + 6 + 42 0.30 •
H5 (Hγ) 434.0464 1.11 (0.03) 2.69 (0.17) 36 + 6 + 41 0.29 •
H6 (Hδ) 410.1734 1.07 (0.04) 2.64 (0.18) 36 + 41 0.32 •
H7 (H) 397.0072 1.06 (0.04) 2.69 (0.18) 36 + 41 0.32 1
H8 388.9049 1.06 (0.04) 2.73 (0.18) 36 + 39 0.30 •
H9 383.5384 1.04 (0.04) 2.78 (0.19) 36 + 38 0.31 •
H10 379.7898 1.04 (0.04) 2.83 (0.19) 35 + 36 0.30 •
H11 377.0630 1.06 (0.03) 3.02 (0.18) 35 + 6 + 34 0.28 •
H12 375.0151 1.04 (0.03) 3.07 (0.18) 35 + 34 0.28 •
H13 373.4368 1.03 (0.04) 3.13 (0.20) 34 + 32 0.28 •
H14 372.1938 1.03 (0.04) 3.25 (0.21) 31 + 29 0.28 •
H15 371.1977 1.05 (0.04) 3.43 (0.23) 31 + 28 0.29 •
Pa5 (Paβ) 1281.8070 1.06 (0.07) 2.76 (0.34) 29 + 6 + 26 0.45 •
Pa6 (Paγ) 1093.8086 1.24 (0.06) 3.58 (0.27) 33 + 6 + 29 0.36 •
Pa7 (Paδ) 1004.9368 1.22 (0.09) 3.74 (0.43) 25 + 19 0.40 •
Pa8 954.5969 1.09 (0.12) 3.19 (0.59) 17 + 6 0.42
Pa9 922.9014 1.18 (0.08) 3.71 (0.43) 27 + 25 0.44
Pa10 901.4909 1.15 (0.10) 3.60 (0.52) 26 + 28 0.53
Br7 (Brγ) 2166.1210 1.19 (0.10) 4.02 (0.51) 19 + 17 0.45 •
He i 402.6191 1.05 (0.04) 3.66 (0.22) 31 + 28 0.26 •
He i 447.1480 1.06 (0.04) 3.52 (0.22) 33 + 33 0.29 •
He i 471.3146 0.84 (0.08) 2.89 (0.46) 16 + 17 0.38
He iFe i 492.1931 0.97 (0.04) 3.08 (0.24) 32 + 26 0.30 2
He i 501.5678 0.99 (0.04) 3.49 (0.24) 30 + 22 0.27 •
He i 587.5621 1.15 (0.04) 3.67 (0.21) 36 + 6 + 40 0.31 •
He i 667.8151 1.25 (0.06) 4.70 (0.33) 36 + 28 0.36 •
He i 706.5190 1.18 (0.05) 4.47 (0.29) 36 + 26 0.34 •
He ii 468.5804 1.04 (0.05) 3.85 (0.33) 28 + 27 0.35
Ca ii (K) 393.3660 1.03 (0.04) 2.50 (0.18) 36 + 45 0.33 •
Ca ii (H) 396.8470 1.06 (0.03) 2.65 (0.16) 36 + 45 0.28 3
Ca ii 849.8020 0.99 (0.05) 2.60 (0.29) 34 + 41 0.47
Ca ii 854.2090 0.97 (0.06) 2.43 (0.29) 32 + 43 0.48
Ca ii 866.2140 0.93 (0.06) 2.30 (0.30) 29 + 42 0.49
Na i 588.995 1.01 (0.06) 3.14 (0.36) 36 + 18 0.44
Na i 589.592 1.01 (0.06) 3.33 (0.38) 36 + 19 0.49
O i 777.3055 1.27 (0.09) 4.66 (0.49) 14 + 15 0.45 4
O i 844.6360 1.08 (0.12) 3.46 (0.62) 18 + 16 0.60
Notes.
†: as in A14 the relations are of the form log (Lacc/L) = a · log (Lline/L) + b.‡: number of points for the fit over the total sample. The fits in which the six YSOs in σ-Ori (Rigliaco et al. 2012) were included in A14 are
indicated with ”+6”. ? : standard deviation from linear fit
Comments in last column: •: Suggested relations for deriving Lacc from the line luminosity. (1) partially blended with Ca ii H ; (2) He i + Fe i blend
; (3) partially blended with H; (4) O i λλ 777.194, 777.417nm doublet.
as a function of Teff . The dashed lines in the figure show the level
of chromospheric noise as determined by Manara et al. (2013a).
The lines represent the locus below which the contribution of
chromospheric emission starts to be important in comparison
with energy losses due to accretion.
Except for a sub-luminous object, the accretion level of all
the YSOs shown in Figure B.1 is above the chromospheric noise
in the Lacc vs. Teff diagram, but some of the new sample are
scattered towards lower Lacc values than those of the GTO. When
normalising to the stellar luminosity, six objects namely RY Lup,
MY Lup, Sz65, Sz68, SST c2dJ160830.7-382827, and the M6.5
type star Lup607, fall on the locus of chromospheric noise in
the Lacc/L? vs. Teff diagram. Note that these are the objects for
which Balmer continuum emission is not evident after the slab
modelling analysis of Section 3.2. Of these, RY Lup, MY Lup,
and SST c2dJ160830.7-382827 have transitional discs, whereas
the classification of Lup 607 as a class II YSO is dubious be-
cause based on an uncertain SED (Merı´n et al. 2008). On the
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other hand, the results of the ALMA survey of Lupus by Ansdell
et al. (2016) show that their resolved transition discs have much
higher disc gas masses than the disc gas mass in Sz65 and Sz68.
Therefore, except for RY Lup, where the Paβ and Brγ lines are
clearly detected in emission, the other five objects are consid-
ered as weak (or dubious) accretors. These objects are flagged in
Table A.3 and are distinguished in the plots.
Appendix C: The flat source
SSTc2d J160708.6-391408
This source is interesting because it is probably one of the bright-
est and least extincted (AV = 3.0 ± 0.5 mag as determined by
Muzic et al. 2014) YSOs with a flat SED (Merı´n et al. 2008;
Evans et al. 2009). This makes possible the acquisition of a X-
Shooter spectrum with sufficient S/N in the three spectrograph
arms allowing us to perform the same analysis as for the class II
sources. We have thus observed SSTc2d J160708.6-391408 in
2016-06-05 following the same observational strategy as for the
class II sources. The data reduction procedures, as well as the
analysis to determine the stellar and accretion properties was the
same as for the class II sources.
The X-Shooter spectrum of SSTc2d J160708.6-391408 is
very rich in permitted and forbidden emission lines, and shows
a strong continuum UV-excess emission (see Figure C.1). The
extinction corrected flux and equivalent width of permitted lines
are reported in the Tables E.1 to E.9. We classify the star as M5,
but noticed that the results of the slab modelling are also consis-
tent with a M3 type. The reason for this uncertainty is related to
the fact that this object is strongly accreting, and thus strongly
veiled, while having a relatively high extinction due to a still par-
tially optically thick envelope. This represents an extreme case
which can hardly be reproduced by a model including only the
photospheric and the accretion emission. Assuming a M5 type, a
distance of 200 pc and the Siess et al. (2000) tracks, we derived
the following stellar and accretion properties: Teff = 3125±72 K
; AV = 3.60 mag ; L?= 0.0107±0.0061L ; M?= 0.13±0.03 M ,
Lacc= 6.31× 10−3 L and M˙acc= 5.89× 10−10 M yr−1. Adopting
M3, yields basically the same results on the accretion properties,
but increases L? and M? by a factor of about 2. Our results place
SSTc2d J160708.6-391408 in a rather anomalous position on the
logLacc-logL? plot with respect to other YSOs, with a quite high
Lacc/L? ratio of 0.6, but L? may be underestimated (see below).
Based on their VIMOS@VLT data, Muzic et al. (2014) clas-
sify the star as M1.75, in agreement with the result by Frasca
et al. (2016) after applying the ROTFIT code, which classifies
the object as M2. Although these results would be more in line
with our M3 estimate, we worn that it is not straightforward to
calculate and include veiling in these analyses. Determinations
of L? by these and other authors (e.g. Comero´n et al. 2009) are
similar to our result. All these estimates make the object rather
under-luminous with respect to other YSOs of similar spectral
type.
Flat sources may be interpreted as YSOs with infalling en-
velopes (Calvet et al. 1994) hence, SSTc2d J160708.6-391408
may still be on a stage of accretion from an envelope of gas and
dust in which part of the stellar radiation is reprocessed. The
above calculations of L? do not account for these effects hence,
may underestimate the luminosity of the YSO. The bolometric
luminosity of 0.18L, as derived by Evans et al. (2009) for this
source, would imply a Lacc/Lbol ratio of 0.04, i.e. quite consistent
with the value for YSOs of similar mass.
Further results on the analysis of the X-Shooter spectrum
of this object will be presented in the papers by Frasca et al.
Fig. C.1. Extinction-corrected X-Shooter spectrum of the flat source
SSTc2d J160708.6-391408 (red). The continuum is fitted with a combi-
nation of a photospheric template (green) and the synthetic continuum
spectrum from a hydrogen slab. The total fit is represented with the blue
line.
(2016) for the stellar parameters and by Nisini et al. (2016) for
the analysis of forbidden emission lines.
Appendix D: EX Lup
The X-Shooter spectrum of EX Lup is very rich in emission lines
and displays strong UVB continuum emission (See Figure E.11).
The spectrum shows narrower emission lines in comparison with
other spectra of the same object acquired during burst (e.g.
Sicilia-Aguilar et al. 2015). Thus, it is most likely that the ob-
ject was not in burst during the X-Shooter observation.
Our M˙acc determination of 3.6×10−8 M/yr is much higher
than the one estimated by Sicilia-Aguilar et al. (2015): these au-
thors used the same X-Shooter data as us, but they analysed the
reduced 1-D spectra gathered from the ESO Phase-3 data release
and to our knowledge did not correct for slit losses, despite the
narrow slits used during the observations. Two main reasons may
explain the large discrepancy. First, Sicilia-Aguilar et al. (2015)
adopt AV = 0 mag, while our best fit to the spectrum yields
AV = 1.1 mag. Second, we have applied a factor of 2.5 to correct
for slit losses, and since the object is quite variable, we may over-
estimate the absolute flux of the spectrum. In order to investigate
this, we have used the AAVSO database to check for photometric
observations closest in time to the date of the X-Shooter acqui-
sition. We found that the V magnitude of EX Lup was 13.7 mag
and 13.4 mag, in JD 2455307.90278 and JD 2455331.98958, re-
spectively, i.e. 13.5 mag when interpolating to the observing date
May 4, 2010 (or JD 2455320.164155). This can be converted
into a fluxe of 1.6×10−13 erg s−1 cm−2 nm−1, which is in agree-
ment whithin less than a factor 1.5 with the flux of the X-Shooter
spectrum, after our correction for slit losses. Likewise, calcu-
lating the ”synthetic” V magnitude from the spectrum with the
Johnson V passband we derived a V = 13.03 mag.
It is worth noting that the logM˙acc≈ −9.4 estimate by Sicilia-
Aguilar et al. (2015) would imply a log(Lacc/L?)= −2.3, and
given the Teff= 3850 K, would place EX Lup very close to the
chromospheric noise level (see Section B.1) and among the low-
est accretors in Lupus, with a position on the logM˙acc-logM? di-
agram comparable to the one of our weakest (or dubious) accre-
tors. All this is at odds with the strong Balmer continuum emis-
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sion detected in the X-Shooter spectrum (see Figure E.11) an
with the substantial veling of 0.43 and 0.36 that we measured at
580 nm and 670 nm, respectively. In addition, the logLacc(lines)=
−0.98±0.18 we calculated from the luminosity of 34 emission
lines and the Lacc-Lline relationships in A14, is in good agree-
ment with the logLacc(slab)=−0.70±0.25 derived from our slab
modelling. Assuming that our extinction estimate is wrong and
fixing AV = 0 mag would drop our logM˙acc estimate only by
about 0.5 dex.
Therefore, we think that the flux of the emission lines, mea-
sured by Sicilia-Aguilar et al. (2015) in the ESO Phase-3 1D
spectrum to calculate Lacc, was underestimated.
It has been shown that EX Lup may reach M˙acc values as
high as 10−7 M/yr during busrts (Sicilia-Aguilar et al. 2015, and
references there in). Our M˙acc estimate is thus consistent with the
fact that the object was not in a burst stage during the X-Shooter
acquisition.
Appendix E: On-line material
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Fig. E.1. Relationships between accretion luminosity and line luminosity for the several diagnostics as labelled in each panel. The YSOs of the
GTO and new samples are represented as black and blue dots, respectively.
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Fig. E.2. Relationships between accretion luminosity and line luminosity for the several diagnostics as labelled in each panel. Plotting symbols are
as in Figure E.1.
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Fig. E.3. Relationships between accretion luminosity and line luminosity for the several diagnostics as labelled in each panel. Plotting symbols are
as in Figure E.1.
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Fig. E.4. Relationships between accretion luminosity and line luminosity for the several diagnostics as labelled in each panel. Plotting symbols are
as in Figure E.1.
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Fig. E.5. Relationships between accretion luminosity and line luminosity for the several diagnostics as labelled in each panel. Plotting symbols are
as in Figure E.1.
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Fig. E.6. Relationships between accretion luminosity and line luminosity for the several diagnostics as labelled in each panel. Plotting symbols are
as in Figure E.1.
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Fig. E.7. Extinction-corrected spectra (red) fitted with a combination of a photospheric template (green) and the synthetic continuum spectrum
from a hydrogen slab (black). The total fit is represented with the blue line.
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Fig. E.8. Extinction-corrected spectra (red) fitted with a combination of a photospheric template (green) and the synthetic continuum spectrum
from a hydrogen slab (black). The total fit is represented with the blue line.
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Fig. E.9. Extinction-corrected spectra (red) fitted with a combination of a photospheric template (green) and the synthetic continuum spectrum
from a hydrogen slab (black). The total fit is represented with the blue line.
32
Alcala´ et al.: Accretion in Lupus YSOs
Fig. E.10. Extinction-corrected spectra (red) fitted with a combination of a photospheric template (green) and the synthetic continuum spectrum
from a hydrogen slab (black). The total fit is represented with the blue line.
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Fig. E.11. Extinction-corrected spectra of the objects drawn form the ESO archive (red), fitted with a combination of a photospheric template
(green) and the synthetic continuum spectrum from a hydrogen slab (black). The total fit is represented with the blue line.
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